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(57) A light receiving member comprising a eiectri- 
caHy conductive substrate, a photocondulve Zer 

ST, S eS»° r n ° n ' Sin9,e CrySta " ine « ^nS n er 

slSrlte V Z 0 " a,0mS 35 9 matrix on said 

substrate by decomposing a silicon-containino raw 
matenal gas, and a surface protective layer c£Z>s^ 

h^o 9 rnrmed CrySta,,, ' n ^^ « 
nyarogen formed on sad photoconductive layer bv 

decomposing a raw material gas comprising a least I 

hydrocarbon using a high frequencT power an 

oscMnn frequency of 50 MHz to 450 M^whe rein a 

protective layer has a thickness of So7,SotS 
has an etched surface deposited with fluon^™ so 
as to cover said etched surface. And a prc^esf ^oro 
oucing said light receiving member. P 
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Description 

pAr^RHl IMH OF THF INVENTION 
5 FiPlri of the Invention 
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The present invent -elates .o a tight receding member usa* Mn ^^^^rpi™S 
v« be hereinafter refers .0 as ^^^fl^^^^^Z^^o an eledrophoto- 
member) and a process to Ihe product,*. <ne.eoU*re J"^**^^,,^ a non^te crystalline carbon 

see a=« SSSSS=K-"M - - ,oduc«on thereo,. 
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For the materia* used in eieCrophotographic Hght receiving 
such as selenium, cadmium su^e. S^^J^S^^a. sud as amorphous 

single crystalline deposited films conta'njng »^ «£^ a J™ ~eSated by adequate atoms such as hydrogen 
deposited films of a-Si or the like in wh,ch the dangling ^ pr0 posed to be suitable as 

atoms and/or haiogen atoms (for "^^,2^^. S^Sy and ZEl are free of the occur- 

^ fl * 0 riaiQ for liaht receiving members having a high performance ana a niyn uu j 

Sn^JSSnS pcLon. Some of these already have been put jrto ^ as sputtering ^ 

For the formation of these deposited films, there are known vano « ^^J^ C VD process wherein 
ess. thermal CVD process wherein raw matenal gas ' s J?^^ wherein raw mate- 

raw materia, gas is decomposed by light energy. «*£^££^^ of the plasma CVD process, 

rial gas is decomposed by plasma. Of these processes, ^^^^'^.^e on a desi red substrate made of 

SK^^^^^ — have been usin9 in 

S Various apparatuses suitable for practicing ttese manner are known a^so & ^ 

Now. there are various proposals as w.ll be desenbed .n fo"™ 1 ^; in. ooer ^ ^ 

itedfilm used in electrophotograpohy to be ™f memb* comprising a 

Japanese Unexamined Patent PuU.cat.on No. atoms as a matrix and at least erther 

photoconductive .ayer constituted by an amorphous ma ena amorphous mate- 

hydrogen atoms or halogen atoms and a su f h c fj^ layer, 
rial containing carbon atoms as a matnx and hydrogen atoms deposed ' °" *™ P compr ising a photoconductive 

US Patent No. 4.675.265 discloses an eleclropl^rap^^^ carbon) 
,ayer constitutes an a-Si materia, and a surfa « jprot^we ^^^^nSS^ 'ayer. 
containing hydrogen atoms in an amount of 10 to ^^^^^^^^ member by forming an a-Si 

US Patent No. 4.664.999 discloses a process for P r ^f' n 9^^S v Xer to protect said photoconductive 
hotocor* Reding the a-C ,ayer to a 

Japanese Unexamined Patent PuU.cat.on No. 317920/1994 d '«'c*es ^ jngle aY a aKne silicon mate- 
graphicphotosensitive member comprising a ^^X^Z^^ hydrogen atoms in an amount 
rial containing silicon atoms as a mat™ and an ^^n^T^eave^ of 20 MHz or more. 

° 16 !f£r£en^^^ 

heir pollution resistance so .hat the, * not ra " 5 "™'^ d ^XTo»^^« under various environmental 
ance. since electrophotographic apparatuses have been southeast aslan countries, there is an 

5 -IS ^X^X^'^^^^^ — ~ — -~ 

memal conditions v* a high "^^^^Zj^ (or conventional electrophotooraphic copying appa- 
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• high volaoe of 4 „ 8 k 'to iZTe 1^. ",T„? "T ' elec,ric curren1s ° e " < ™'» a >» «*»Y™> 

moisture in the air to produce nitric acid ar^thl likp lT J £ ! ° 9en ° XldeS ^ produced react ^ 
because such corona discSrge prSu^ env.ronmental conditions with a high humidity. 

3S5s=33S=S£F=33S 

S TJ *™ 9 T"** 8 dry State - By ,his " the ewona discnar 9 e P«*"cts deposited on ttS surfaS the a si 
cused image or smeared image is prevented^ c^rfng ' tore9 °' n9 e hen °™™ <* the unfo- 

power consumed by the e.ectrophotographic apparatus is increased and' therefore. nTeconom 

po^^rtTofSS'l when th^o 0 * 3 e,ectr °P h0, Wc copying machine which is used with a 

£we r consume \Z ^S T a ^n llTTT^ * '"'^ ,herein " * is difficutt to »• ^ectric 

nJJS^l%£££ ca S ^ add ' ,,0n ' <reed0m deSi9nin9 ,he h ° USeh0ld ^rophotographic copying 

n-J^T 5 0356 Wh6re , ,he electro P h °'og^ic apparatus having the foregoing heating means which has been 
paused under env.ronmental condrtions with a high temperature and high hurJty wLe Jt^^t^^Z 
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source of the apparatus itself over a long period of time, in order to atta.n the reproduction of a dearcopy ^hnerther 
an urfbcused image nor a smeared image from the beginning immediately after swrtchmg on the power source >t is 
Quired that the heating means be ah*ays maintained without switching off its power source. In this case ance the 
hTati^means is always energized though the main power source of the electrophotographic apparatus .s switched off 
thefefe rSr^frmaking an improvement in this situation in terms of not only energy saving but a.so conservator, 
of resources which recently have been discussing everywhere. 

Bv the way in the conventional electrophotographic apparatus, there is widely employed a system of forming a thin 
layer of a dSoper comprising a toner or a mixture of a toner and a carrier on a rotary cylindncal developer caning 
member hav^ movSe magnet or the like installed therein and electrostatic^ transferring sad thin layer o the 
SecVophotographic light receiving member having an electrostatic latent image formed S"* 
JJS51 in Japanese Unexamined Patent Publications Nos. 43037/1979. 144865/1983. and 7451/1985. In 
Ss^aTS^U^. there is used a developer containing magnetic particles, i.e.. the foregoing 

» a developer comprising a toner containing a magnetite but no carrier. However . thus system is liableto 
emaJ s^ch proems as will be dTscribld in the following. A portion of the rotary cyfindrica. *^ 
S^eh5opl»lOQ«phlc light receiving member is liable to expand due to the heat from the hght recervmg mem- 
ZXZZJX* e^ctrcphotographic apparatus is being paused, where the ^^T^^SSi 
developed carrying member and the light receiving member in a reg.on for developing the developer s ^ J 
cause an increased electric field therebetween, resulting in making the developer to be more read.ly transferred than in 
Sua? SLTSI So arTects to make a portion opposrte to said portion have a longer distance between them, where 
the e S fSd becomes smaller and a aVesutt. the developer is made difficult to transfer as ,n ^ «*2S£o" 
ton fe Table to entail problems such that when a halftone original is subjected to reproduction after the electrophoto- 
g^ic^°at^ have been paused over a long period of time, there is sometimes afforded a reproduced imjjQ. 
awompaSS by an uneven density which is partially dense or thin depending upon the rotat,onal period of the rotary 

^fttSZSZ™ of these problem there is an in.eas* demar* for J* 
electrophotographic light receiving member which can affords a high quality reproduced image with ne>ther an unfo- 
cused imaae nor a smeared image, even when it is heated as above described. 

tuZ for the ^conventionafelectrophotographic a-Si light receiving member, there is a subject to be proved 
other Jhan he foregoing problems relating to the image densrty. Particularly, its electric potemial upon **n£0P» 
charaeT* entMy) is not sufficient enough in comparison with that of an electrophotographic light receiving member 
tSS^X^^^am and therefore, in order to attain a further improvement in the qua.Ky of an 
S3 *l necessary for the a-Si light receiving member to be made such that a development contrast capable of 
Sing a chfnS inthe charge retertivity. which is occurred when the temperature of the a-S, hgh 

chanaed is ensured while precisely adjusting the conditions in the image-forming process. In view of the. jt is 
?^uXSe ^M a-Si light receiving member to be made such that it has a further improved charge reten- 
tivity which slightly changes depending upon the temperature thereof. 



g| IMMARY OF THF INVENTION 



The present invention is aimed at eliminating the foregoing disadvantages found in the conventional ele«rophoto- 
graphic light receiving member and providing an improved electrophotographic light recervmg member wh.ch ,s free of 



AnSer S of the present invention is to provide an improved electrophotographic Hght recejyng , merrtoer why h 
is substantially free of the deposition of such corona discharge products caused upon corona ^charging found in the 
orior aTwhich reproduces a high quality image with neither an unfocused image nor a smeared .mage withorf using 
such heaZ rneans as in the pHor art. which is not necessary to be energized as in the prior art when paused at night 
ana whlchS^be desirably used in an electrophotographic apparatus with an advantage in that the e.ectr,c power can 



"^further object of the present invention is to provide an improved electrophotographic light receiving member 
whici rTcSucel a high quality halftone image with no density unevenness from a halftone onginal even after having 

^^Z^lT^Zen.on is to provide an improved electrophotographic light receMng ^ember 
which is sScierit enough in the charge reterrtJvity and high enough in the photosensitivity and which reproduces a 

^A Sr Stc! invention is to provHe a process which enables to eff iciently produce the above .ight 

receivina member with a reasonable production cost 

A pical embodiment of the electrophotographic light receiving member according to the present invention com- 
orises a eSrically conductive substrate, a photoconductive layer composed of a non-single crystalline material con- 
K V^to^SSi as a matrix which is formed on said substrate by decomposing a si.icon-conta.ning raw 



4 



: <EP 0785475A2_I_> 



t 



EP 0 785 475 A2 



45 



SO 



55 



™ materia, contain,, hydrogen 

5 materia, is etched at an etching speed ofiTto lots J TZZ^J' °' "* CrySta,line <**™ 

posing a f.uorine-containing £ "using ° a v r '^^u^T^n ^if° nW * ,B ^ Pr0dUC6d * dec °- 
450 MHz such that said surface protective lave, hVs a W ' ,h3n OSC " lation fr «?"ency of 50 MHz to 

with fluorine atoms so as to cov^r satf ^JsTiT °° 00 A and haS 3 " e,ched surface 

means and a means for introducing^ raw SS'nf? V3CUUmed ^ is with an exhaust 

single crystalline material containing atTas^iS ' photoconduc ^ 'ayer composed of a non- 

taining raw materia! gas. forming a ^^pSS^^S'S **?T * * C °W"» a 
taining hydrogen atoms on sakl photoeorrfuS^vt^T^S "on-single crystalline carbon material con- 
's hydrocarbon using a very high <«£«^^^^S^J ^ "T ^ 935 3t ,east a 
a 20 A or more thick surface sde layer region of Sd ^TcTnSS! ? ^ U6nCy * 50 MHz t0 450 MHz ' and etchin 9 
means of a fluorine-containing plasma P rcS,cS bv de^^TT* * an e,Chin9 Speed of 01 10 50 ^ec. by 
(VHF) power with an o^wi^^ 9as using a very high frequency 
of 100 to 10000 A and has an etohed surface d£osV^ 
20 thereby produce an electrophograph^ighi U^Z^t^ *° * ^ 6tChed Suriace ' to 

•*^S£^^ b3Sed ° n Which scribed be-ow. obtained through 

«J? -^al^Sg^^ Power c nsunption „ {he , f an unfo _ 

« receiving member, inventors constfered Z ft is basKl'v ^necS T* eleclro P^ographic a-Si light 

means. 31 ,S das,cal| y necessary to eliminate the use of the foregoing heating 

mean^:^^ studies of pollution resistance when the heating 

there was obtained a finding whl w^de^ ^ recei ™9 ™mber. As a resuft 

>c receiving member having a surface J^^c^S^^^ T™' el ^o P hotographic a-Si light 
amorphous silicon nitrkie (a-SiN) or amorphou s3ioo ESffc ^STS^ * » ^^P"" ^ C3rbWe < a - SiC >' 
image- forming process, its surface is gradually oxrtx£tv Son flt ""i * * 6U, * ectod ,0 aectrophotographic 
a silicon oxide having a hydrcphi.ic prieny Z^t ^ZTnr , T" T***" ^ Cha ' 9 ^ ,0 ,orm 
is deteriorated. (The water repellency herein feevaSt^ repe " enCy 0f ,he surfac e of the surface protective layer 
* water is positioned on a surface of a specimen IV* ^ when a dr °P let of 

Now, it is known that when the v^e^lenS S Z ^ hiflher the wa,er ^ellency.) 

decreased, a product occurred due^ ozonTw^ " 9ht rece ™9 is 

readily absorb moisture, resulting in makina TanlZZ ,h ^ Sur,ace of the "9"' reiving member becomes to 

humidity environmental condition a reproaucea accompanied by a smeared image under high 

to be^'o^o'e S^m^cSSnT?^ ^ ^ *" * hiSMy P^'ent and difficult 

a - Si ,i9ht 

tective layer con^ T^r To Z^ZSTa^To'^T* T ^ a P- 

ber was subjected to durability test urS^tonrl.m2 P^^^'^ ™ *e resultant light receiving mem- 
using the foregoing heating meaS. T, rtTuZZ Z^nlT* ^ ^ "-^ty'without 
light receiving member is superior to a eon^JS ih32^ 35 W '" be deSCribed in the fo,lcwin 9- The 
of an a-SiC. a-SiN or a-SiO disposed oTaT ^ a S^ho o^T" 9 , h3Vin9 3 SUrface P ro,ective te ^r composed 
uously conduced without u^^^^^Z^T^^ "H**** ^ C ° P ^ Sh0< is 
image quality is until about 50000 copyists and Lnfc ^ reproduclion of • copy satisfactory in the 
an unfocused image. And the srtuS Z ' ^slno^TH.^^ 9r3dual, y become «° accompany by 

continued. Therefore, it is diff icu.tTo ^S^^cST^jT 8 * 9radUa " y W ° rSened 35 th6 i 
ing means. continuously obtain a greater volume of satisfactory copies without using the heat- 

Though previously described. US Patent No a qqq u 
member, a manner of improving the durabilitv m th 0 '7!fa ae s cnbe s. for an electrophotographic a-Si light receiving 
tions by using an a-C film formed wrth ho 1 ! f* W fT e layer ur1der hi 9h humidity 

environmental condi- 

constituent of the surface protective aJJZ^^ * ^ ,0 haVe 3 h ' 9h Wa,er "V^"<*. as the 

present inventors prepared an electrophoToa IhirS """"^ deSCnbed in »* P atent document the 

tive layer on an a-Si ^oco^T^Z TZTZ7 3 T£ " 3 ^ ^ 

5 power Wlth 1 3 56 MHz and subjecting said a-C film to plasma 
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discharge treatment with a fluorine-containing gas using a RF power with an oscillation frequency MHz. For 

ST^^reafeinB member, eva.uation was conducted with respect to the water repellency ^» 
e^ive layer As a result, H was found that the rate for the water repellency of the surface prot ective laye tobe< deterio 

Dresent in the outermost surface of the surface protective layer. 

As a result of having studied based on these findings, the following facts were obtained That » wen nthecase 
the s^ce ofthe a C film as the surface protective layer of the a-Si light receiving member .s subjected to the plasma 

KJSZ^TSnS^iS ozone to cause the formation of oxides as well as in the case where such plasma d.s- 

Soanie UnSam ned Patent Publication No. 317920/ 19 94 (previously described) there were formed . plurahty of a 

^lZ,^^T£Z.%£Tw a, these a-C torn,* w«* me VHF power with SO to «o MH. 

tact ancle aaainst water. As a result, for the light receiving members having subjected to the surface *™J 
- be aooarently superior to their contact angles against water before the surface treatment. Part cularly rt was founa tnat 
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to 450 MHz, there can be attained a significantly improved durability for the a-C film. 

From the above-described findings, there was obtained a fact that by subjecting an a-C film formed using a very 
high frequency (VHF) power of 50 to 450 MHz to etching treatment with fluorine plasma using a very high frequency 
(VHF) power of 50 to 450 MHz, there can be attained the formation of a desirable surface protective layer for a light 
£ receiving member for use in electrophotography, having a surface with a significantly improved durability which hardly 
causes the occurrence of a smeared image for a reproduced image obtained. 

The reason for this is not clear enough for the time being. However, it is considered as will be described in the fol- 
lowing. Hydrocarbon gases such as CH 4 , C 2 H 6 , and the like usually used as a starting material for the formation of an 
a-C film have a high bond energy and are difficult to be decomposed. Therefore, when the formation of an a-C film is 
io conducted by way of plasma discharge with the application of a high frequency power with a low oscillation frequency 
of 13.56 MHz in any of these hydrocarbon gases, the hydrocarbon gas cannot be sufficiently decomposed by the appli- 
cation of this high frequency power, where the a-C film obtained does not have a sufficiently bonded three-dimensional 
network structure. On the other hand, when the formation of an a-C film is conducted by way of plasma discharge with 
the application of a VHF power with 50 to 450 MHz in any of said hydrocarbon gases, an energy based on the VHF 
is power is sufficiently supplied into the hydrocarbon gas, whereby the hydrocarbon gas is sufficiently decomposed to 
cause the formation of a desirable a-C film having a strongly bonded and highly dense three-dimensional network struc- 
ture with a small number of dangling bonds. 

For the a-C films, the interrelation between their film structure and oxidation resistance is not dear enough for the 
time being. However, for the a-C film formed by way of VHF plasma discharge, it is considered such that since the a-C 
» film has a highly dense three-dimensional network structure with a small number of dangling bonds as above described 
and therefore, the a-C film has an outermost surface with a small number of dangling bonds, which is therefore 
extremely low in therms of the surface activity. Because of this, the surface of the a-C film is difficult to be reacted with 
products caused by ozone which are deposited thereon. 

Further, the present inventors prepared a plurality of electrophotographic light receiving members each having a 
surface protective layer formed by forming an a-C film by way of plasma discharge with the application of a VHF power 
with 50 to 450 MHz in a given hydrocarbon gas and subjecting said a-C film to surface etching treatment with a fluorine 
plasma generated by way of plasma discharge in a given fluorine-containing gas using a VHF power with 50 to 450 
MHz. For each of the resultant light receiving members, its outermost surface was subjected to XPS analysis. As a 
result, the outermost surface of each light receiving member was found to contain fluorine atoms such that the outer- 
most surface is covered by said fluorine atoms. Then, each light receiving member was subjected to durability test 
where copying shot was continuously conducted more than 50000 times. For each of the light receiving members hav- 
ing subjected to the durability test, its outermost surface was subjected to XPS analysis. As a result, the outermost sur- 
face of each light receiving member was found to still contain fluorine atoms such that the outermost surface is covered 
by satd fluorine atoms, as well as in the case before the durability test. In accordance with the detected concentrations 
and analyzed results obtained by the XPS analysis, for the reason for this, it is considered such that the fluorine atoms 
are bonded to all the dangling bonds exposed at the outermost surface of the surface protective layer (corrprising the 
a-C film) of each light receiving member and because of this, the fluorine atoms are still present so as to cover substan- 
tially the entire of the outermost surface of the surface protective layer. 

As the fluorine-containing gas used for generating the fluorine plasma for the surface etching treatment, there can 
be mentioned CF 4 gas, C 2 F 6 gas, and the like. These fluorine-containing gases are more difficult to be decomposed 
than the foregoing hydrocarbon gases. In view of this, it is considered that in order to sufficiently decompose these flu- 
orine-containing gases, it is necessary to use a VHF power with 50 to 450 MHz. 

Further, as above described, only in the case where an a-C film formed by way of plasma discharge in a given 
hydrocarbon gas with the application of a VHF power with 50 to 450 MHz is subjected to surface etching treatment with 
fluorine plasma generated by way of plasma discharge in a given fluorine-containing gas with the application of a VHF 
power with 50 to 450 MHz, there can be attained the formation of a desirable surface protective layer for an electropho- 
tographic light receiving member, having a significantly improved durability. In this respect, it is considered that the use 
of the specific VHF power in the formation of the a-C film and also in the surface etching treatment of the a-C film pro- 
vides not only an effect of efficiently and sufficiently decomposing the raw material gas used but also another effect of 
causing a covalent bond-like state for the fluorine atoms present at the outermost surface of the a-C film as the surface 
protective layer of the light receiving member in which the fluorine atoms are strongly bonded in such a state that the 
fluorine atoms are hardly released even when the surface protective layer is exposed to severe environmental condi- 
tions in the electrophotographic image-forming process or even when the protective surface layer suffers from mechan- 
ical friction. 

Further in addition, the present inventors prepared a plurality of electrophotographic light receiving members each 
having a surface protective layer formed by forming an a-C film by way of plasma discharge with the application of a 
VHF power with 50 to 450 MHz in a given hydrocarbon gas and subjecting said a-C film to surface etching treatment 
with a fluorine plasma generated by way of plasma discharge in a given fluorine-containing gas using a VHF power with 
50 to 450 MHz. For each of the resultant light receiving members, evaluation was conducted with respect to its electrical 
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characteristics. As a result, there was observed an unexpectedly improved charge retentivity which is slightly varied 
against temperature changes, for these light receiving members. This effect was not observed in the case of a light 
receiving member having a surface protective layer comprising an a-C film formed by way of plasma discharge with the 
application of a high frequency power in a hydrocarbon gas. Based on these facts, it is considered that the use of the 

5 specific VHF power in the formation of the a-C film and also in the surface etching treatment of the a-C film effects in 
making the fluorine atoms present in the outermost surface of the a-C film as the surface protective layer to selectively 
and strongly bond to structural defects (or surface states) present in said outermost surface in a covalent bond-like state 
and as a result, almost all the structural defects are passivated, whereby a charge is desirably prohibited from injecting 
from the surface protective layer side to restrain a variation in the amount of the charge injected due to temperature 

10 changes of the surface protective layer. It can be said that this passivation phenomenon occurred in the outermost sur- 
face of the surface protective layer indicates that the film-forming manner of providing the above carbon-fluorine bond 
state by the use of the specific VHF power in the formation of the a-C film and also in the surface etching treatment of 
the a-C film is apparently distinguished from other film-forming manners. 

15 RRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view illustrating an embodiment of a light receiving member for use in elec- 
trophotography (or an electrophotographic light receiving member) according to the present invention. 

FIG. 2 is a schematic cross-sectional view illustrating another embodiment of an electrophotographic light receiving 

20 member according to the present invention. 

FIG. 3 is a schematic cross-sectional view illustrating a further embodiment of an electrophotographic light receiv- 
ing member according to the present invention. 

FIG. 4 is a schematic diagram illustrating a film-forming apparatus by a very high frequency (VHF)-plasma CVD 
process for producing an electrophotographic light receiving member. 
25 FIG. 5 is a schematic diagram illustrating another film-forming apparatus by a VHF-plasma CVD process for pro- 
ducing an electrophotographic light receiving member. 

FIG. 6 is a schematic diagram illustrating an example of an electrophotographic apparatus in which an electropho- 
tographic light receiving member according to the present invention can be used. 

FIG. 7 is a schematic diagram illustrating another film-forming apparatus by a microwave plasma CVD process for 
30 producing an electrophotographic light receiving member. 

DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

The present invention provides an electrophotographic light receiving member comprising a electrically conductive 
35 substrate, a photoconductive layer composed of a non-single crystalline material containing at least silicon atoms as a 
matrix formed on said substrate by decomposing a silicon-containing raw material gas, and a surface protective layer 
composed of a non-single crystalline carbon material containing hydrogen formed on said photoconductive layer by 
decomposing a raw material gas comprising at least a hydrocarbon using a high frequency power with an oscillation 
frequency of 50 MHz to 450 MHz, wherein a 20 A or more thick surface side layer region of said surface protective layer 
40 composed of said non-single crystalline carbon material is etched at an etching speed of 0.1 to 50 A/sec. by means of 
a fluorine-containing plasma produced by decomposing a fluorine-containing gas using a high frequency power with an 
oscillation frequency of 50 MHz to 450 MHz such that said surface protective layer has a thickness of 100 to 10000 A 
and has an etched surface deposited with fluorine atoms so as to cover said etched surface. 

The present invention also provides a process for producing an electrophotographic light receiving member, com- 

45 prising the steps of: 

(a) placing an electrically conductive substrate in a deposition chamber capable of being vacuumed and which is 
provided with an exhaust means and a means for introducing a raw material gas thereinto, 

(b) forming a photoconductive layer composed of a non-single crystalline material containing at least silicon atoms 
so as a matrix on said substrate by decomposing a silicon-containing raw material gas, 

(c) forming a surface protective layer composed of a non-single crystalline carbon material containing hydrogen 
atoms on said photoconductive layer by decomposing a raw material gas comprising at least a hydrocarbon using 
a high frequency power with an oscillation frequency of 50 MHz to 450 MHz, and 

(d) etching a 20 A or more thick surface side layer region of said surface protective layer at an etching speed of 0.1 
55 to 50 A/sec. by means of a fluorine-containing plasma produced by decomposing a fluorine-containing gas using a 

high frequency power with an oscillation frequency of 50 MHz to 450 MHz such that said surface protective layer 
has a thickness of 100 to 10000 A and has an etched surface deposited with fluorine atoms so as to cover said 
etched surface, to thereby produce an electrophographic light receiving member. 
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f oscillation frequency of 50 to ^M^Wrfl n *" * * 3 W ' th ,he a PP |,catlon °< a VHF P°wer (with an 

^o " s?r e ?: e th a " its r ched r ,,uorine atoms are presem s ° « sts * 

T !^ ? 6 !" C0Pyin9 ^P 6 ' 5 are jammed in an electrophotographic apparlsZ^ZTde^tZ^r 
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speed. 

In the following, the present invention will be described with reference to the drawings. 

FIG. 1 is a schematic cross-sectional view illustrating an embodiment of an electrophotographic light receiving 
member according to the present invention. . ... 

; In FIG 1 reference numeral 102 indicates a surface protective layer comprising a non-single crystalline carbon film 

(for example 'an a-C film) formed using a VHF power with an oscillation frequency of 50 to 450 MHz. Reference numeral 
101 indicates a region having an outermost surface deposited with fluorine atoms so as to cover substantially the entire 
thereof which is formed by subjecting a surface side layer region of said non-single crystalline carbon film 1 02 to etching 
treatment with a fluorine-containing plasma produced by way of plasma discharge with the application of a VHF power 

,o with an oscillation frequency of 50 to 450 MHz in a fluorine-containing gas at a etching speed of 0. 1 to 50 Msec. Ref- 
erence numeral 103 indicates a photoconductive layer composed of a non-single crystalline material containing silicon 
atoms as a matrix, reference numeral 104 an electrically conductive substrate. 

As above described, the surface protective layer 102 is comprised of a non-single crystalline carbon material (for 
example an a-C) The surface protective layer 102 may be formed by way of plasma discharge with the application of 

,s a VHF power with an oscillation frequency of 50 to 450 MHz in a hydrocarbon gas as a film-forming raw material gas. 
The surface protective layer 102 is desired to be high in transparency in view of attaining a sufficient photosensitivity for 
an electrophotographic light receiving member. For this purpose, if necessary, it is possible to mix a gas such as H 2 
He or Ar into said film-forming raw material gas upon the formation of the surface protective layer. In the formation of 
the surface protective layer, the substrate temperature is adjusted in the range of room temperature to 350 C. hi the 

a> case where the substrate temperature is excessively high, the resulting surface protective layer will become such that 
has a low band gap and therefore, is insufficient in transparency. Because of this, the substrate temperature is desired 

to be relatively low. . . . . _ 

As the film-forming raw material gas which can supply carbon atoms (C) in the formation of the surface protective 
layer 102 gaseous or easily gasifiable hydrocarbons can be optionally used. Specific example of such hydrocarbon are 
55 CH. C,H 6 CaHg. C 4 H n0 . and the like. Of these. CH 4 and C 2 H 6 are most preferred in view of easy handling «^»rm- 
ing the surface protective layer and high C-supplying efficiency. These C-supplying raw material gases may be diluted, 
if required, with a gas such as H 2 . He. Ar or Ne. . 

For the wattage of the VHF power applied in the formation of the surface protective layer, it is desired to be relatively 
high in order to facilitate the decomposition of the hydrocarbon raw material gas. Specifically, it is desired to be 10 W/cc 
ao or more against the hydrocarbon raw material gas. When the wattage of the VHF power applied is excessively highu a 
problem is liable to entail in that abnormal discharge is occurred and because of this, a desirable surface protective 
layer cannot be formed and in addition, the characteristics of the photoconductive layer situated under the surface pro- 
tective layer is deteriorated. Therefore, it should be adjusted in a range where no abnormal discharge is occurred. 
For the inner pressure upon forming the surface surface protective layer (which means the inner pressure in a^ dis- 
ss charge space of a deposition chamber used), since the VHF power with an oscillation frequency of 50 to 450 MHz is 
used stable discharge can be generated even at a relatively high vacuum degree. And the foregoing hydrocarbon raw 
material gas is difficult to be decomposed and therefore, when decomposed species are collided with each other in the 
vapor phase, polymerized materials are liable to produce. In view of this, the inner pressure is desired to be set at a 
higher vacuum degree as much as possible. Specifically, it is preferably 100 mTorr or less, more preferably 50 mTorr or 

40 less, most preferably 10 mTorr or less. . •^.k„w m « ) inn 

When the inner pressure in the discharge space is made to be 1 0 mTorr or less, there can be attained the formation 
of a non-single crystalline carbon film excelling in transparency as the surface protective layer 102 which can desirably 
attain a sufficient photosensitivity for the resulting electrophotographic light receiving member. In any case, the lower 
limit for the inner pressure in the discharge space may be lowered as lower as possible in a range where discharge can 

4S be stably generated. . . 

The formation of the range 101 may be formed by forming a surface protective layer 102 comprised of a non-single 
crystalline material (for example, an a-C) on a substrate 104 having a photoconductive layer 103 previously formed ther- 
eon in the deposition chamber in the above described manner, introducing a fluorine-containing gas into the deposition 
chamber, and simultaneously with this, applying a VHF power with an oscillation frequency of 50 to 450 MHz into the 
deposition chamber to generate a fluorine-containing plasma, whereby etching a predetermined surface side layer 
region of the surface protective layer 102 to form the region 101 having an outermost surface deposited with fluorine 
atoms so as to cover substantially the entire of the outermost surface. For the oscillation frequency of the VHF power 
in this case it may be any oscillation frequency in the range of 50 to 450 MHz. However, to use an oscillation frequency 
near 100 MHz is particularly preferred in view of attaining uniform surface etching treatment In the case of using an 
oscillation frequency in a microwave region of more than 0.5 GHz. the etching efficiency is excessively large and 
because of this, such a porous region as previously described is liable to form, where the object of the present inverrtion 

cannot be attained. , . . * 

For the wattage of the VHF power applied in the surface etching treatment it should be determined in the range ot 

10 W to 5000 W in connection with an etching speed employed. 
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For the inner pressure in the surface etching treatment, it should be determined in the range of 1 mTorr to several 
Torr in connection with the etching speed employed. 

^ For the etching speed in the surface etching treatment, it should be determined in the range of 0 1 A/sec to 50 
A/sec. as previously described. 

The etching speed is closely related to the flow rate of the fluorine-containing gas, the wattage of the VHF power 
and the substrate temperature. Particularly, it has a tendency that it speeds as the flow rate of the fluorine-containing 
gas, the wattage of the VHF power or the substrate temperature is increased. Therefore, the etching speed in the above 
range should be determined in relation to these factors. In practice, it is adopted based on a calibration curve previously 
established with respect to a given flow rate of the fluorine-containing gas, a given wattage of the VHF power, and a 
given substrate temperature. 

As the fluorine-containing gas used in the surface etching treatment, there can be mentioned, for example, CF 4 , 
C 2 F 6l CHF 3 , C 3 F 8 , C 4 F 10 , and CHCIF 2 . Besides these, CIF 3 and F 2 are also usable. 

m For the thickness of the surface protective layer 102 to be etched, to etch its surface side layer region of at least 20 
A m thickness can attain the object of the present invention. When the layer thickness of 100 A or more is etched uni- 
form surface etching can be efficiently conducted. In any case, the layer thickness to be etched may be properly deter- 
mined in the range of 20 A to 100 A or more. However, in view of easy of the control and industrial productivity it is 
desired to be in the range of 1000 to 5000 A. 

For the etching speed in the surface etching treatment, it should be determined in the range of 0.1 to 50 A/sec. for 
the previously described reasons. 

For the photoconductive layer 103, it may comprise a non-single crystalline material containing silicon atoms as a 
matrix as previously described. The formation of the photoconductive layer 1 03 may be conducted by a glow discharge 
decomposition process using a high frequency power with any oscillation frequency or a microwave power. For 
instance, the photoconductive layer may be formed by causing glow discharge with the application of said high fre- 
quency power or microwave power in a raw material gas capable of supplying silicon atoms (Si). 

The photoconductive layer 103 in FIG. 1 comprises a single layer having photoconductivity constituted by a non- 
single crystalline material containing silicon atoms as a matrix and which is not functionally divided. 

Besides this, the electrophotographic light receiving member may be configured as shown in FIG. 2 or 3. Particu- 
larly, FIG. 2 is a schematic cross-sectional view illustrating another embodiment of an electrophotographic light receiv- 
ing member, and FIG. 3 is a schematic cross- sectional view illustrating a further embodiment of an electrophotographic 
light receiving member. Any of the light receiving members shown in FIGs. 2 and 3 is a modification of the light receiving 
member shown in FIG. 1 in which the photoconductive layer 103 of the light receiving member shown in FIG. 1 is mod- 
ified into a photoconductive layer having a multi-layered structure. 

The light receiving member shown in FIG. 2 comprises an electrically conductive substrate 204, a two-layered pho- 
toconductive layer 203 disposed on the substrate 204 and which comprises a lower blocking layer 206 capable of pre- 
venting a carrier from injecting from the substrate 204 side and a layer 205 having photoconductivity constituted by a 
non-single crystalline material containing at least silicon atoms stacked in the named order on the substrate 204 and 
a surface protective layer 202 having a region 201 formed thereon and which is stacked on the photoconductive layer 
203. The surface protective layer 202 is of the same meaning as the surface protective layer 102 in FIG. 1, and the 
region 201 is of the same meaning as the region 101 in FIG. 1. 

The light receiving member shown in FIG. 3 comprises an electrically conductive substrate 304, a two-layered pho- 
toconductive layer 303 disposed on the substrate 304 and which comprises a charge transportation layer 306 consti- 
tuted by an non-single crystalline material at least silicon atoms and carbon atoms and a charge generation layer 305 
constituted by a non-single crystalline material containing at least silicon atoms stacked in the named order on the sub- 
strate 304, and a surface protective layer 302 having a region 301 formed thereon and which is stacked on the photo- 
conductive layer 303. The surface protective layer 302 is of the same meaning as the surface protective layer 102 in 
FIG. 1 , and the region 301 is of the same meaning as the region 101 in FIG. 1 . 

In the light receiving member shown in FIG. 3, when the light receiving member is subjected to light irradiation, a 
carrier generated principally in charge generation layer 305 passes through the charge transportation layer 306 to arrive 
at the substrate 304. 

In the light receiving member in FIG. 3. it is possible to configure the photoconductive layer 303 such that the 
charge transportation layer 305 is positioned on the substrate 304 side and the charge generation layer 306 is position 
on the charge transportation layer. 

In any of the light receiving members shown in FIGs. 1 to 3, the thickness of the photoconductive layer should be 
properly determined depending upon the related factors such as charge retentivity, photosensitivity and the like 
required for an electrophotographic apparatus in which it is used and also having a due care about working efficiency 
However, in general, the thickness of the photoconductive layer is desired to be determined in the range of 1 to 50 pm. 
This is based on conditions in that in view of the charge retentivity and photosensitivity, it is desired to be 10 or more 
and in view of the working efficiency, it is desired to be 50 pm 0 r less. 

The electrophotographic light receiving may be produced by means of an appropriate glow discharge decomposi- 
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tion film-forming apparatus. 

FIG. 4 is a schematic diagram illustrating an example of such apparatus comprising a plasma CVD apparatus pro- 
vided with a high frequency power source capable of supplying a VHF power with 50 to 450 MHz. suitable for producing 
an electrophotographic light receiving member according to the present invention. 
5 The plasma CVD apparatus shown in FIG. 4 comprises a reaction chamber 401 (or a deposition chamber) having 

a discharge space, an exhaust system containing a vacuum pump 408 for evacuating the inside of the reaction cham- 
ber, and a raw material gas supply system (not shown) having gas reservoirs (not shown) for supplying a raw material 

gas into the reaction chamber 401 . 

The reaction chamber 401 is constituted by an upper wall, a lower wall and a circumferential wall having a portion 
w serving as a cathode electrode. The circumferential wall is electrically isolated from the upper and lower walls by means 
of insulators 413 and it has a portion serving as a cathode electrode 406 which is electrically isolated from the remain- 
ing portions by means of insulators 413 as shown in FIG. 4. The cathode electrode 406 is constituted by an electrically 
conductive material. 

The reaction chamber 401 contains a substrate holder 407 provided with an electric heater 403 for heating a sub- 
is strate 402 (a cylindrical substrate in this case) positioned on the substrate holder, and raw material gas introduction 
pipes 405 each having a plurality of gas release holes (not shown) for supplying a raw material gas into the reaction 
chamber and which are connected to the raw material gas supply system (not shown) through a gas inflow valve 409. 
The substrate 402 is electrically grounded. 

Reference numeral 412 indicates a VHF power source capable of supplying a VHF power with 50 to 450 MHz which 
20 is electrically coupled to the cathode electrode 406 through a matching box 41 1 . The power VHF power source may be 
replaced by a RF power source capable of supplying a RF power with 13.56 MHz for example, in the case of forming a 
photoconductive layer or lower blocking layer. 

Reference numeral 415 indicates an exhaust pipe which is open into the reaction chamber 401 and which is con- 
nected through a main valve 404 to a vacuum pump 408. The exhaust pipe is provided with a vacuum gage 410 and a 
25 vent valve 416. 

The substrate holder 407 may be constituted by an electrically conductive material selected from the group consti- 
tuting of Cu, Ai, Au. Ag, Pt. Pb, Ni, Co. Fe. Cr, Mo. Ti. stainless steel, and composite materials of these. 

The insulator 413 may comprise an insulating material selected from the group consisting of ceramics, Teflon 
(trademark name), mica, glass, quartz, silicone rubber, polyethylene, and polypropylene. 
30 The matching box 411 may take any constitution as long as it can adequately match the power source 412 and a 
load occurred. In this case, it is desired to be made so that the matching can be automatically conducted. Alternatively, 
it is possible to be made such that the matching is conducted in a manual manner. 

The cathode electrode 406 may be constituted by an electrically conductive material selected from the group con- 
stituting of Cu, Al. Au. Ag, Pt, Pb. Ni. Co, Fe. Cr, Mo. Ti, stainless steel, and composite materials of these. 
35 If necessary, it is possible for the cathode electrode 406 to be provided with a cooling system. The cooling system 
in this case may be configured such that to cool the cathode electrode is conducted by means of water, air, liquid nitro- 
gen, or a peltier element. 

The shape of the substrate 402 is not limited to the cylindrical shape as shown in FIG. 4 but it may be in a plate- 
like shape or other appropriate shape depending upon the situation of an electrophotographic light receiving member 
40 to be produced. 

The substrate 402 may be a substrate shaped in a cylindrical form or other desired form made of an electrically 
conductive material selected from the group constituting of Cu, Al. Au. Ag, Pt, Pb, Ni. Co, Fe. Cr. Mo, Ti. stainless steel, 
and composite materials of these. Alternatively, it may comprise an insulating member having a surface coated by an 
electrically conductive material. The insulating member in this case may be polyester, polyethylene, polycarbonate, cel- 
45 lulose acetate, polypropylene, polyvinyl chloride, polyvinylidene chloride, polystyrene, glass, glass, quartz, ceramics, or 
paper. 

The production of an electrophotographic light receiving member according to the present invention using the 
plasma CVD apparatus shown in FIG. 4 may be conducted, for example, in the following manner. 

A cylindrical substrate 402 having a polished surface is positioned on the substrate holder 407 in the reaction 
so chamber 401 so as to circumscribe the electric heater 403. 

By closing the gas inflow valve 409 and opening the main valve 404. the inside of the reaction chamber 401 is evac- 
uated through the exhaust pipe 415 by operating the vacuum pump 408. Thereafter, the gas inflow valve is opened to 
introduce a heating inert gas (for example, argon gas) into the reaction chamber 401 through the raw material gas intro- 
duction pipes 405. where the flow rate of the heating inert gas introduced into the reaction chamber 401 is adjusted so 
55 that the inner pressure in the reaction chamber 401 becomes a desired pressure, by properly adjusting the exhaustion 
speed of the vacuum pump 408. The electric heater 403 is energized while operating a temperature controller (not 
shown) for the electric heater 403 to heat the substrate 402 to a desired temperature of 20 to 500 *C and the substrate 
is maintained at this temperature. The gas inflow valve 409 is closed to terminate the introduction of the heating inert 
gas into the reaction chamber 401 . Then, the gas inflow valve 409 and the main valve 404 are opened to evacuate not 
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only the inside of the reaction chamber 401 and bat also the inside of the raw material gas supply system including the 
raw material gas introduction pipes 405. When the reading on the vacuum gage 410 becomes about 5 x 10" 6 Ton the 
gas inflow valve 409 is closed. 

Thereafter, film formation is conducted, for example, in a manner as will be described below 
By opening the gas inflow valve 409, a desired silicon-containing raw material gas such as silane gas disilane gas 
methane gas. ethane gas or a gas mixture composed of a desired silicon-containing raw material gas and a doping gas 
such as diborane or phosphine obtained by means of a mixing panel (not shown) is introduced into the reaction cham- 
ber 401 through the raw material gas introduction pipes 405 while adjusting the flow rate of the raw material gas by 
means of a mass flow controller (not shown). In this case, the opening of the main valve 404 is properly adjusted while 
> observing the reading on the vacuum gage 41 0 so that the inner pressure (the gas pressure) in the reaction chamb r 
401 becomes a des.red pressure degree of 1 Torr or less. Then, the opening of the main valve 404 is properly adjusted 
while observing the reading on the vacuum gage 410 so that the inner pressure in the reaction chamber is maintained 
at a desired pressure degree of several mTorr to several Torr. 

By this, the preparation for film formation is completed. Then, the formation of a photoconductive layer on the sub- 
strate 402 is conducted as will be described in the following. After confirming that the inner pressure in the reaction 
chamber is maintained at a desired pressure degree, the power source 412 is switched on to apply a high frequency 
power with a desired frequency to the cathode electrode 406 through the matching box 41 1 to cause glow discharge in 
the reaction chamber 401. In this case, a matching circuit (not shown) contained in the matching box 41 1 is properly 
adjusted so that a reflected wave is minimized. Particularly, the value obtained by subtracting a reflected power from an 
impinged high frequency power is adjusted to a desired value. By this glow discharge caused, the silicon-containing raw 
material gas introduced into the reaction chamber 401 is decomposed to cause the formation of a silicon-containing 
deposited film as the photoconductive layer on the substrate 402. After completing the film formation, the power source 
is switched off, and the introduction of the raw material gas into the reaction chamber 401 is therminated Then the 
ms.de of the reaction chamber 401 is evacuated to a desired high vacuum degree in the same manner as above 
described. 

Successively, a surface protective layer constituted by a non-single crystalline carbon material (for example an a- 
C) is formed on the photoconductive layer, for example, in the following manner. 

After the inside of the reaction chamber 401 is evacuated to a desired high vacuum degree as described in the 
above, a desired hydrocarbon gas such as CH 4 , C 2 H 6 . C 3 H 8 or C 4 H 10 and a dilution gas such as H 2 gas or He gas are 
introduced into the reaction chamber 401 through the raw material gas introduction pipes 405 while mixing these gases 
by means of a mixing panel (not shown) and while properly adjusting their flow rates by means of the corresponding 
mass flow controllers (not shown). In this case, the opening of the main valve 404 is properly adjusted while observing 
the reading on the vacuum gage 410 so that the inner pressure (the gas pressure) in the reaction chamber 401 
becomes a des.red pressure degree of 1 Torr or less. Then, the opening of the main valve 404 is properly adjusted while 
observing the reading on the vacuum gage 410 so that the inner pressure in the reaction chamber is maintained at a 
desired pressure degree of several mTorr to several Torr. 

After confirming that the inner pressure in the reaction chamber is maintained at a desired pressure degree the 
power source 412 is switched on to apply a VHF frequency power with a desired frequency of 50 to 450 MHz to the 
cathode electrode 406 through the matching box 41 1 to cause glow discharge in the reaction chamber 401 In this case 
the matching circuit (not shown) contained in the matching box 41 1 is also properly adjusted so that a reflected wave is 
minimized. Particularly, the value obtained by subtracting a reflected power from an impinged high frequency power is 
adjusted to a desired value. By this glow discharge caused, the foregoing material gases introduced into the reaction 
chamber 401 are decomposed to cause the formation of a non-single crystalline carbon (or an a-C) deposited film as 
the surface protective layer on the photoconductive layer previously formed on the substrate 402. After completing the 
film formation, the power source is switched off, and the introduction of the foregoing raw material gases into the reac- 
tion chamber 401 is terminated. Then, the inside of the reaction chamber 401 is evacuated to a high vacuum degree 

After the inside of the reaction chamber 401 is evacuated to a desired high vacuum degree as described in the 
above, a desired fluorine-containing gas such as CF 4 . C 2 F 6 . CHF 3 . C 3 F 8 . or C 4 F 10 and a dilution gas such as Ar gas 
N 2 gas or He gas are introduced into the reaction chamber 401 through the raw material gas introduction pipes 405 
while mixing these gases by means of a mixing panel (not shown) and while properly adjusting their flow rates by means 
of the corresponding mass flow controllers (not shown). In this case, the opening of the main valve 404 is properly 
adjusted while observing the reading on the vacuum gage 410 so that the inner pressure (the gas pressure) in the reac- 
tion chamber 401 becomes a desired pressure degree of 1 Torr or less After confirming that the inner pressure in the 
reaction chamber 401 is maintained at a desired pressure degree, the power source 412 is switched on to apply a VHF 
frequency power with a desired frequency of 50 to 450 MHz to the cathode electrode 406 through the matching box 41 1 
to cause glow discharge in the reaction chamber 401 By this glow discharge caused, the fluorine-containing raw mate- 
rial gas introduced into the reaction chamber 401 is decomposed to cause a fluorine-containing plasma, where a sur- 
face side layer region of the surface protective layer is etched by the fluorine-containing plasma. In this case the etching 
treatment is conducted at an etching speed of 0.1 to 50 A/sec. and the thickness of the surface protective layer to be 
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etched is adjusted to a value of 20 to 100 A. After a surface side layer region with a desired thickness of the surface 
protective layer is etched, the power source 412 is switched off. and the introduction of the foregoing raw material gases 
is terminated. By this, the etching treatment for the surface protective layer is completed. 

In the above, the thickness of the surface protective layer after the etching treatment is made to be in the range of 
5 100 to 10000 A. 

FIG. 5 is a schematic diagram illustrating another high frequency plasma CVD apparatus suitable for mass-produc- 
ing an electrophotographic light receiving member according to the present invention. 

The plasma CVD apparatus shown in FIG. 5 comprises a reaction chamber 501 (or a deposition chamber) which 
is connected through a raw material gas introduction pipe 501 having a gas inflow valve 509 to a raw material gas sup- 
io ply system (not shown) containing gas reservoirs (not shown). 

The reaction chamber 501 has a structure capable of being vacuumed, and it is provided with an exhaust system 
containing an exhaust pipe 515 which is open into the reaction chamber and which is connected through a main valve 
(not shown) to a vacuuming device comprising a diffusion pump (not shown). 

In the reaction chamber 501, a plurality of rotatable cylindrical substrate holders 507 (each having an electric 
75 heater installed therein for heating a substrate) are spacedly and concentrically arranged so as to circumscribe a dis- 
charge space 516. Each ratatable cylindrical substrate holder 507 is supported by a rotary shaft 503 connected to a 
driving mechanism including a driving motor 514. 

Reference numeral 502 indicated a cylindrical substrate positioned on each cylindrical substrate holder 507. Ref- 
erence numeral 506 indicates an electrode positioned at a central position in the discharge space 516 and which is 
20 electrically connected to a high frequency power source 51 2 through a matching box 511. 

Reference numeral 510 indicates a vacuum gage for detecting the inner pressure in the reaction chamber 510. 

As the high frequency power surface 512. there can be used a VHF power source capable of supplying a VHF 
power with a frequency of 50 to 450 MHz in the case of forming a surface protective layer constituted by a non-single 
crystalline carbon material (for example, an a-C) and also in the case of etching the surface protective layer. In the case 
25 of forming other layers such as a photoconductive layer, lower blocking layer, and the like, it may be a D.C. power source 
or RF power source capable of supplying a RF power with a frequency of 13.56 MHz for example. 

The matching box 51 1 may take any constitution as long as it can adequately match the power source 512 and a 
load occurred. In this case, it is desired to be made so that the matching can be automatically conducted. Alternatively, 
it is possible to be made such that the matching is conducted in a manual manner. 
30 The electrode 406 through which a high frequency power is applied may be constituted by an electrically conduc- 
tive material selected from the group constituting of Cu. Al. Au. Ag. Pt Pb. Ni, Co, Fe. Cr. Mo. Ti. stainless steel, and 
composite materials of these. For the shape of the electrode 506, it is desired to be shaped to have a circular cross sec- 
tion. Alternatively, it may be shaped to have a elliptic or polygonal cross section. 

If necessary, it is possible for the electrode 506 to be provided with a cooling system. The cooling system in this 
35 case may be configured such that to cool the cathode electrode is conducted by means of water, air, liquid nitrogen, or 
a peltier element. 

The shape of the substrate 502 is not limited to the cylindrical shape as shown in FIG. 5 but it may be in a plate- 
like shape or other appropriate shape depending upon the situation of an electrophotographic light receiving member 

to be produced. . 
40 The substrate 502 may be a substrate shaped in a cylindrical form or other desired form made of an electrically 
conductive material selected from the group constituting of Cu, Al. Au, Ag, Pt, Pb, Ni, Co, Fe, Cr. Mo, Ti, stainless steel, 
and composite materials of these. Alternatively, it may comprise an insulating member having a surface coated by an 
electrically conductive material. The insulating member in this case may be polyester, polyethylene, polycarbonate, cel- 
lulose acetate, polypropylene, polyvinyl chloride, polyvinylidene chloride, polystyrene, glass, glass, quartz, ceramics, or 

45 paper. . 

The production of an electrophotographic light receiving member using the plasma CVD apparatus shown in I^IG. 
5 may be conducted in the same manner as in the case of using the plasma CVD apparatus shown in FIG. 4, except 
that the position of the electrode (the cathode electrode) is different, and film formation is conducted on the plurality of 
substrates while rotating these substrates. _ 

so In the following, description will be made of an electrophotographic apparatus in which an electrophotographic light 
receiving member according to the present invention can be desirably used. 

Fig. 6 is a schematic diagram of illustrating the constitution of an example of an electrophotographic apparatus pro- 
vided with an electrophotographic light receiving member according to the present invention. 

In the electrophotographic apparatus shown in Fig. 6, an electrophotographic light receiving member 601 in a cylin- 

55 drical form (hereinafter referred to as light receiving member) is controlled to a desired temperature by a heater 623 (a 
sheet-like shaped heater), and it rotates in the direction indicated by an arrow X. Near the light receiving member 601, 
there are provided a main corona charger 602, an electrostatic latent image-forming mechanism 603. a development 
mechanism 604. a transfer sheet feeding mechanism 605. a transfer charger 606(a). a separating charger 606(b). a 
transfer sheet conveying mechanism 608. a cleaning mechanism (comprising a magnet roller 607 and a cleaning blade 
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621), and a charge-removing lamp 609. 

The image-forming process in the electrophotographic apparatus is conducted, for example, as will be described in 
the following. As above described, the light receiving member 601 is maintained at a predetermined temperature by 
means of the heater 623. The light receiving member 601 is uniformly charged by the main corona charger 602 to which 
a voltage of +6 to +8 kV is impressed. Then, an original 612 to be reproduced which is placed on a contact glass 611 
is irradiated with light from a light source 610 such as a halogen lamp or fluorescent lamp through the contact glass 61 1 , 
and the resulting reflected light is projected through mirrors 613, 614 and 615, a lens system 61 7 containing a fitter 618, 
and a mirror 61 6 onto the surface of the light receiving member 601 to form an electrostatic latent image corresponding 
to the original 612 on the surface of the light receiving member 601 . The electrostatic latent image formed on the sur- 
face of the light receiving member 601 is developed with toner having an negative polarity supplied by the development 
mechanism 604 to form a toner image on the surface of the light receiving member 601 . (Herein, in the case of negative 
charging, there is used toner having a positive polarity.) 

A transfer sheet P is supplied through the transfer sheet feeding mechanism 605 comprising a transfer sheet guide 
619 and a pair of feed timing rollers 622 so that the transfer sheet P is brought into contact with the surface of the light 
receiving member 601 , and corona charging is effected with the polarity different to that of the toner from the rear of the 
transfer sheet P by the transfer charger 606(a) to which a voltage of +7 to +8 kV is impressed, whereby the toner image 
is transferred onto the transfer sheet P. The transfer sheet P having the toner image transferred thereon is electrostati- 
cally removed from the light receiving member 601 by the charge-removing action of the separating charger 606(b) 
where an A.C. voltage of 12 to 14 kVp-p and with 300 to 600 Hz is impressed, and it is conveyed by the transfer sheet 
conveying mechanism 608 to a fixing mechanism 624. 

The residual toner on the surface of the light receiving member 601 is removed by the magnet roller 607 and the 
cleaning blade 621 upon arrival at the cleaning mechanism, and the removed toner is stored in a storing box (not 
shown). Thereafter, the light receiving member 601 thus cleaned is entirely exposed to light by the charge-removing 
lamp 609 to erase the residual charge and is recycled. 

The present invention will be be detailed with reference to examples, which are only for illustrative purposes and 
are not intended to restrict the scope of the present invention. 

Example 1 

In this example, there was prepared an electrophotographic light receiving member of the constitution shown in 
FIG. 2 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

(1) Formation of photoconductive layer 203: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns "lower blocking layer" and "photoconductive layer" 
of Table 1 , on the polished surface of the cylindrical substrate, a 1 urn thick lower blocking layer 206 and a 20 ^im thick 
photoconductive layer 205 were sequentially formed. 

(2) Formation of surface protective layer 202: 

As the power source 412 of the plasma CVD apparatus shown in FIG. 4, there was used a VHF power source capa- 
ble of supplying a VHF power with 50 to 450 MHz. 

In accordance with the foregoing procedures for forming a surface protective layer using the plasma CVD appara- 
tus shown in FIG. 4 and under film-forming conditions shown in column "surface protective layer" of Table 1, a 0.3 jim 
(3000 A) thick surface protective layer 202 was formed on the photoconductive layer 205. In this case, there was used 
a VHF power with 105 MHz as shown in Table 1. 

(3) Surface etching treatment: 

In accordance with the foregoing procedures for conducting surface etching treatment for a surface protective layer 
using the plasma CVD apparatus shown in FIG. 4 and under etching conditions shown in Table 2, the surface protective 
layer 202 was subjected to etching treatment with a fluorine-containing plasma produced from CF 4 by way of plasma 
discharge with the application of a VHF power (with 105 MHz) of 500 W, where its 300 A thick surface side layer region 
was etched at an etching speed of 3 A/sec. based on a previously established calibration curve. By this, there was 
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obtained an electrophotographic light receiving member. 

In this way, there were prepared a plurality of electrophotographic light receiving members. 



Evaluation 

5 

For the resultant light receiving members, evaluation was conducted with respect to charge retentivity. performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction, using an electrophotographic apparatus NP 6060 having the constitution 
shown in FIG. 6 and which has been modified to be usable for experimental purposes (produced by Canon Kabushiki 
io Kaisha) in the following manner. The evaluated results obtained are collectively shown in Table 6. 



(1) Evaluation of the charge retentivity: 



The light receiving member is set to the foregoing electrophotographic apparatus, wherein the light receiving mem- 
75 ber is subjected to corona charging by applying a high voltage of +6 kV where a surface potential in dark is measured 
by means of the electrostatic voltmeter. 

The result obtained is shown in Table 6 on the basis of the following criteria. 



@ : a case wherein the charge retentivity is excellent, 
20 O : a esse wherein the charge retentivity is good enough, 

a : a case wherein the charge retentivity is not so good but is practically acceptable, and 

X : a case wherein the charge retentivity is apparently inferior and is not acceptable in practice. 



(2) Evaluation of the performance of charge retentivity against temperature change: 

25 

The light receiving member is set to the foregoing electrophotographic apparatus. In a first step, the light receiving 
member is maintained at 25 °C and is subjected to corona charging so as to provide a surface potential in dark of 400 
V by applying a given high voltage. The high voltage applied in this case is read. 

In a second step, the above light receiving member is heated to and maintained at 45 °C, then it is subjected to 
30 corona charging by applying the high voltage read in the first step, where a surface potential in dark is measured. 

The difference between the surface potential in dark of 400 V in the first step and the surface potential in dark 
obtained in the second step is converted into a factor per 1 °C. 

Based on the resultant factor, the performance of charge retentivity against temperature change is evaluated. 

The result obtained is shown in Table 6 on the basis of the following criteria. 

35 

© : a case wherein the charge retentivity is substantially not changed and is excellent, 
O : a case wherein the charge retentivity is slightly changed but is good enough, 
a : a case where the charge retentivity is fairly changed but is practically acceptable, and 
X : a case where the charge retentivity is markedly changed and is practically problematic. 

40 

(3) Evaluation of the photosensitivity: 

The light receiving member is set to the foregoing electrophotographic apparatus, wherein the light receiving mem- 
ber is subjected to corona charging so as to provide a given surface potential in dark, immediately followed by subject- 
45 ing to irradiation of light from a halogen lamp while excluding light having a wavelength of more than 600 nm by means 
of a cut-filter wherein the quantity of exposure light is so adjusted that the surface potential in light of the light receiving 
member becomes to be a given value. The quantity of the exposure light used to obtain said value is reduced from the 
lighting voltage of the halogen lump. The reduced value obtained is made to be a photosensitivity of the light receiving 
member. 

so The result obtained is shown in Table 6 on the basis of the following criteria. 



O : a case wherein the photosensitivity is good enough, 

a : a case wherein the photosensitivity is not so good but is acceptable in practice, and 
X : a case wherein the photosensitivity is apparently inferior and is practically problematic. 

55 

-(4) Evaluation of the residual potential: 



The light receiving member is set to the foregoing electrophotographic apparatus, wherein the light receiving mem- 
ber is subjected to corona charging so as to provide a surface potential in dark of 400 V, immediately followed by sub- 
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jecting to irradiation of relatively strong light with 1.5 lux/sec., then followed by subjecting to irradiation of tight from a 
Xenon lamp wh.le excluding light having a wavelength of more than 600 nm by means of a cut-filter wherein the quantity 
of exposure light, wherein the surface potential in light of the light receiving member is measured by means of a surface 
potentiometer. Based on the resultant surface potential in light, the residual potential of the light receiving member is 
evaluated. 

The evaluated result obtained is shown in Table 6 on the basis of the following criteria. 

O : a case wherein the residual potential is slight and is satisfactory in practice, 
a : a case where the residual potential is relatively large but is practically acceptable, and 
X : a case wherein the residual potential is remarkable and is practically problematic. 

(5) Evaluation of the water repellency: 

For the surface of the light receiving member, its water contact angle is measured before and after the endurance 
by way of continuous copying shot in the evaluation of the occurrence of smeared image which will be described in the 
following (6), by means of a CA-S-RolI type water contact angle mesuring device (produced by Kyowakaimenkaaaku 
Kabushiki Kaisha) using pure water. 

The result obtained is shown in Table 6 on the following criteria. 

20 © : a case wherein the water contact angle is excellent, 

O • a case wherein the water contact angle is good enough, 

a : a case wherein the water contact angle is not good but is practically acceptable, and 

X : a case wherein the water contact angle is apparently inferior and is practically problematic. 

25 (6) Evaluation of the occurrence of smeared image: 

The light receiving member is set to the foregoing electrophotographic apparatus, wherein using a teat chart FY9- 
9058 (produced by CANON Kabushiki Kaisha) containing minute character on the white background as an original 
copying shot for an A4-sized paper is continuously conducted 100,000 times under environmental conditions with 30 
°C/80 %RH, followed by exposing the light receiving member to an atmosphere containing ozone generated by applying 
an electric current of 2000 uA to the main charger by way of negative charging over a period of time corresponding to 
the duration for continuously conducting 100,000 copying shots without conducting the reproduction of the test chart 
then followed by allowing the light receiving member to stand under environmental conditions with 35 °C/85 %RH for 
24 hours. After this, using the above test chart, copying shot for an A3-sized paper is again conducted several times by 
35 way of positive charging. 

In the above, the light receiving member is always maintained at room temperature without using the heater of the 
electrophotographic apparatus for the light receiving member. 

The copied images obtained in the above are examined of whether or not a defect is present in the reproduction of 
the minute characters. And one which is worst in terms of the reproduction of the minute characters of the original is 
40 dedicated for the evaluation. The evaluated result obtained is shown in Table 6 on the basis of the following criteria. 

® : a case wherein minute line reproduction is excellent, 
O : a case wheran minute line reproduction is good enough, 

a : a case where a minute line reproduction is not so good but not practically problematic, and 
45 X a case wherein minute line reproduction is apparently inferior and practically problematic. 

(7) Evaluation of the halftone reproduction: 



30 



so 



The light receiving member is set to the foregoing electrophotographic apparatus, followed by maintaining under 
environmental conditions with 35 °C/85 %RH for 24 hours, then a halftone test chart FY9-9042 (produced by CANON 
Kabushiki Ka.sha) in which the entire area comprises a halftone image as an original, copying shot for an A3-sized 
paper is continuously conducted several times under condition that the surface potential in dark of the light receiving 
member is made to be 400 V by applying a given high voHage to the main charger, the surface potential in light of the 
light receiving member is made to be 200 V by adjusting the lighting voltage of the halogen lump, and the heater for the 
55 light receiving member is not used. 

The copied images obtained are examined of whether or not a defect is present in the reproduction of the halftone 
image. And one which is worst in terms of the reproduction of the halftone image is dedicated for the evaluation on the 
basis of the following criteria. 

The evaluated result obtained is shown in Table 6. 
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<§) : a case wherein halftone reproduction is excellent. 
O • a case wherein halftone reproduction is good enough, 

a : a case where halftone reproduction is not so good but not practically problematic, and 
X : a case wherein halftone reproduction is apparently inferior and practically problematic. 

5 

Comparative Example 1 

The procedures of Example 1 were repeated, except that the formation of the surface protective layer was con- 
ducted using a RF power (with a frequency of 1 3.56 MHz) of 800 W under film-forming conditions shown in column "sur- 
ra face protective layer of Table 3 and no surface etching treatment was conducted for the surface protective layer, to 
thereby obtain a plurality of electrophotographic light receiving member. 

For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
of charge retentrvity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1. 
75 The evaluated results obtained are collectively shown in Table 6. 

Comparative Example 2 

The procedures of Example 1 were repeated, except that the formation of the surface protective layer was con- 
20 ducted using a RF power (with a frequency of 1 3.56 MHz) of 800 W under film-forming conditions shown in column "sur- 
face protective layer of Table 3 and surface etching treatment was conducted for the surface protective layer using a RF 
power (with a frequency of 13.56 MHz) of 500 W and at an etching speed of 3 A/sec. under conditions shown in Table 
4 wherein a 300 A thick surface side layer region of the surface protective layer was etched, to thereby obtain a plurality 
of electrophotographic light receiving member 
25 For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1. 
The evaluated results obtained are collectively shown in Table 6. 

30 Comparative Example 3 

The procedures of Example 1 were repeated, except that as the surface protective layer, an 0.3 urn (3000 A) thick 
a-SiC f Bm was formed using a VHF power (with a frequency of MHz) of 200 W under film-forming conditions shown in 
column "surface protective layer" of Table 5, to thereby obtain a plurality of electrophotographic light receiving member. 
35 For the resultant light receiving members, evaluation was conducted with respect to charge retentrvity, performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1 . 

The evaluated results obtained are collectively shown in Table 6. 

Based on the results shown in Table 6, there are understood such facts as will be described below. 

40 For the light receiving member obtained in Example 1 belonging to the present invention, it excels in charge reten- 
tivity, water repellency, prevention of the occurrence of smeared image, and halftone reproduction and is satisfactory in 
residual potential. In addition, though the reason is uncertain, its photosensitivity is good enough {which means that it 
is superior to that of the conventional electrophotographic light receiving member). 

For the light receiving member obtained in Comparative Example 1 in which the surface protective layer is consti- 

45 tuted by the a-C film formed using the RF power with a frequency of 13.56 MHz and which has not been subjected to 
surface etching treatment and also for the light receiving member obtained in Comparative Example 3 in which the sur- 
face protective layer is constituted by the a-SiC film formed using the VHF power with a frequency of 105 MHz and 
which has not been subjected to surface etching treatment, their halftone reproduction is excellent, their residual poten- 
tial is good enough, and their charge retentivity and photosensitivity and initial water repellency are acceptable. But they 

so are apparently inferior in water repellency after the endurance by continuous copying shots and also in prevention of 
the occurrence of smeared image. 

For the light receiving member obtained in Comparative Example 2 in which the surface protective layer is consti- 
tuted by the a-C film formed using the RF power with a frequency of 13.56 MHz and which has been subjected to sur- 
face etching treatment using the RF power with a frequency of 13.56 MHz, the initial water repellency and halftone 

55 reproduction are excellent, the residual potential is good enough, and the charge retentivity and photosensitivity are 
acceptable. But it is apparently inferior in water repellency after the endurance by continuous copying shots and also in 
prevention of the occurrence of smeared image. 
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Example 2 

In this example, there were prepared five different electrophotographic light receiving members of the constitution 
shown in FIG. 2 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

(1) Formation of photoconductive layer 203: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG 
4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns lower blocking layer" and "photoconductive layer" 
of Table 1 , on the polished surface of the cylindrical substrate, a 1 urn thick lower blocking layer 206 and a 20 urn thick 
photoconductive layer 205 were sequentially formed. 

(2) Formation of surface protective layer 202: 

As the power source 412 of the plasma CVD apparatus shown in FIG. 4, there was used a VHF power source capa- 
ble of supplying a VHF power with 50 to 450 MHz. 

In accordance with the foregoing procedures for forming a surface protective layer using the plasma CVD appara- 
tus shown in FIG. 4 and under film-forming conditions shown in column "surface protective layer" of Table 1, a 0 3 urn 
(3000 A) thick surface protective layer 202 was formed on the photoconductive layer 205. In this case, there' was used 
a VHF power with 105 MHz as shown in Table 1 . 

In this way, there were prepared five light receiving members. 

(3) Surface etching treatment: 

For the surface protective layer 202 of each of the five light receiving members, in accordance with the foregoing 
procedures for conducting surface etching treatment for a surface protective layer using the plasma CVD apparatus 
shown in FIG. 4 and under etching conditions shown in Table 7, surface etching treatment was conducted with a fluo- 
rine-containing plasma produced from CF 4 by way of plasma discharge with the application of a VHF power (with 50 
MHz) of a given wattage, where its 500 A thick surface side layer region was etched at an etching speed of 0.1, 1, 10, 
30 or 50 A/sec. in each case as shown in Table 8 respectively based on a previously established calibration' curve* 
wherein the substrate temperature was maintained at 200 °C as shown in Table 7. By this, there were obtained five dif- 
ferent electrophotographic light receiving members. 

In this way, there were prepared a plurality of electrophotographic light receiving members in each case. 

For the resultant light receiving members, evaluation was conducted with respect to charge retentivrty, performance 
of charge retentivrty against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1 . 

The evaluated results obtained are collectively shown in Table 8. 

Comparative Example 4 

In this comparative example, there were prepared two different electrophotographic light receiving members of the 
constitution shown in FIG. 2 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

(1) Formation of photoconductive layer 203: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns "lower blocking layer" and "photoconductive fayer" 
of Table 1, on the polished surface of the cylindrical substrate, a 1 M m thick lower blocking layer 206 and a 20 thick 
photoconductive layer 205 were sequentially formed. 
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(2) Formation of surface protective layer 202: 

As the power source 412 of the plasma CVD apparatus shown in FIG. 4. there was used a VHF power source capa- 
ble of supplying a VHF power with 50 to 450 MHz. 

In accordance with the foregoing procedures for forming a surface protective layer using the plasma CVD appara- 
tus shown in FIG. 4 and under film-forming conditions shown in column "surface protective layer" of Table 1, a 0.3 *im 
(3000 A) thick surface protective layer 202 was formed on the photoconductive layer 205. In this case, there was used 
a VHF power with 105 MHz as shown in Table 1 . 

In this way, there were prepared two light receiving members. 

(3) Surface etching treatment: 

For the surface protective layer 202 of each of the two light receiving members, in accordance with the foregoing 
procedures for conducting surface etching treatment for a surface protective layer using the plasma CVD apparatus 
shown in FtG. 4 and under etching conditions shown in Table 7, surface etching treatment was conducted with a fluo- 
rine-containing plasma produced from CF 4 by way of plasma discharge with the application of a VHF power (with 50 
MHz) of a given wattage, where its 500 A thick surface side layer region was etched at an etching speed of 0.05 or 70 
A/sec. in each case as shown in Table 8 respectively based on a previously established calibration curve, wherein the 
substrate temperature was maintained at 200 °C as shown in Table 7. By this, there were obtained two different elec- 
trophotographic light receiving members. 

In this way, there were prepared a plurality of electrophotographic light receiving members in each case. 

For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1. 

The evaluated results obtained are collectively shown in Table 8. 

Based on the results shown in Table 8, there are understood such facts as will be described below. 

For the five light receiving members each having a different surface protective layer formed by way of the surface 
etcnjng treatment at a different etching speed in the range of 0.1 to 50 A/sec. obtained in Example 2 belonging to the 
present invention, they excel in charge retentivity. water repellency. prevention of the occurrence of smeared image, and 
halftone reproduction and are satisfactory in residual potential. In addition, though the reason is uncertain, their photo- 
sensitivity is good enough (which means that their photosensitivity is superior to that of the conventional electrophoto- 
graphic light receiving member). 

For one of the two light receiving members obtained in Comparative Example 4 having a surface protective layer 
formed by way of the surface etching treatment at an etching speed of 0.05 A/sec., the halftone reproduction is excel- 
lent, the photosensitivity and residual potential are good enough, and the charge retentivity and initial water repellency 
are acceptable. But this light receiving is apparently inferior in water repellency after the endurance by continuous cop- 
ying shots and also in prevention of the occurrence of smeared image. 

For the other light receiving member obtained in Comparative Example 4 having a surface protective layer formed 
by way of the surface etching treatment at an etching speed of 70 A/sec., the photosensitivity and residual potential are 
good enough and the charge retentivity and initial water repellency are acceptable. But this light receiving member is 
apparently inferior in charge retentivity. water repellency after the endurance by continuous copying shots, and preven- 
tion of the occurrence of smeared image, and also in halftone reproduction. 

As a result of having examined the surface of the surface protective Jayer of this light receiving member, the surface 
of the surface protective layer was found to have a coarse outermost surface state accompanied by porous materials. 
It is considered that this is a principal reason why the light receiving member is apparently inferior in charge retentivity, 
water repellency after the endurance by continuous copying shots, prevention of the occurrence of smeared image, and 
halftone reproduction. In fact, in the endurance by way of continuous copying shots, cleaning defects were occurred, 
wherein particularly in the evaluation of the halftone reproduction, there were reproduced uneven density halftone 
images. 

Example 3 

In this example, there were prepared six different electrophotographic light receiving members of the constitution 
shown in FIG. 2 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

(1) Formation of photoconductive layer 203: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 
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The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns lower blocking layer" and "photoconductive layer" 
5 of Table 1 , on the polished surface of the cylindrical substrate, a 1 thick lower blocking layer 206 and a 20 jim thick 
photoconductive layer 205 were sequentially formed. 

(2) Formation of surface protective layer 202: 

w As the power source 412 of the plasma CVD apparatus shown in FIG. 4, there was used a VHF power source capa- 
ble of supplying a VHF power with 50 to 450 MHz. 

In accordance with the foregoing procedures for forming a surface protective layer using the plasma CVD appara- 
tus shown in FIG. 4 and under film-forming conditions shown in column "surface protective layer" of Table 1 , a 0.3 jim 
(3000 A) thick surface protective layer 202 was formed on the photoconductive layer 205. In this case, there was used 
75 a VHF power with 105 MHz as shown in Table 1 . 

In this way, there were prepared six light receiving members. 

(3) Surface etching treatment: 

20 For the surface layer 202 of each of the six light receiving members, in accordance with the foregoing procedures 
for conducting surface etching treatment for a surface protective layer using the plasma CVD apparatus shown in FIG. 
4 and under etching conditions shown in Table 9, surface etching treatment was conducted with a fluorine-containing 
plasma produced from a different fluorine-containing gas, i.e., CF 4 , CHF 3 , C 2 F 6 , CHCIF 2 , C 3 F 8 or C 4 F 10 as shown in 
Table 10 by way of plasma discharge with the application of a VHF power (with 105 MHz) of 500 W in each case, where 
25 its 500 A thick surface side layer region was etched at an etching speed of 50 A/sec. based on a previously established 
calibration curve, wherein the substrate temperature was maintained at 200 °C as shown in Table 9. By this, there were 
obtained six different electrophotographic light receiving members. 

In this way, there were prepared a plurality of electrophotographic light receiving members in each case. 
For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
30 of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1 . 
The evaluated results obtained are collectively shown in Table 10. 

Example 4 

35 

In this example, there were prepared four different electrophotographic light receiving members of the constitution 
shown in FIG. 3 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

(1) Formation of photoconductive layer 303: 

40 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 
45 In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns "charge transportation layer" and "charge gener- 
ation layer" of Table 1 1, on the polished surface of the cylindrical substrate, a 15 ^irn charge transportation layer 306 
and a 5 thick charge generation layer 305 were sequentially formed. 

In this way, there were prepared four light receiving members in process. 

50 

(2) Formation of surface protective layer 302: 

As the power source 412 of the plasma CVD apparatus shown in FIG. 4, there was used a VHF power source capa- 
ble of supplying a VHF power with 50 to 450 MHz, 
55 For each of the four light receiving members in process obtained in the above step (1), in accordance with the fore- 
going procedures for forming a surface protective layer using the plasma CVD apparatus shown in FIG. 4 and under 
film-forming conditions shown in column "surface protective layer" of Table 1 1 , a 0.3 (3000 A) thick surface protec- 
tive layer 302 (comprising an a-C film) was formed on the charge generation layer 305 using a VHF power with a differ- 
ent frequency of 50 MHz, 105 MHz, 300 MHz, or 450 MHz and of 1000 W as shown in Tables 1 1 and 14 under condition 
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of 50 mTorr for the inner pressure. 

By this, there were obtained four different light receiving members each having a different surface protective layer. 

(3) Surface etching treatment: 

5 

For the surface protective layer 302 of each of the resultant four light receiving members, in accordance with the 
foregoing procedures for conducting surface etching treatment for a surface protective layer using the plasma CVD 
apparatus shown in FIG. 4 and under etching conditions shown in Table 12, surface etching treatment was conducted 
with a fluorine-containing plasma produced from C 2 F 6 by way of plasma discharge with the application of a VHF power 
io (with 60 MHz) of 500 W, where its 500 A thick surface side layer region was etched at an different etching speed of 1 
A/sec., 5 A/sec. , 8 A/sec. or 10 A/sec. respectively based on a previously established calibration curve, wherein the 
substrate temperature was maintained at 200 °C as shown in Table 12. By this, there were obtained four different elec- 
trophotographic light receiving members. 

In this way. there were prepared a plurality of electrophotographic light receiving members in each case 
75 For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1. 

The evaluated results obtained are collectively shown in Table 14. 

20 Comparative Example 5 

In this example, there was prepared an electrophotographic light receiving member of the constitution shown in 
FIG. 3 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

25 (1) Formation of photoconductive layer 303: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
30 4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns "charge transportation layer" and "charge gener- 
ation layer" of Table 11, on the polished surface of the cylindrical substrate, a 15 ^m charge transportation layer 306 
and a 5 ^im thick charge generation layer 305 were sequentially formed. 

35 

(2) Formation of surface protective layer 302: 

In the same film-forming manner as in the case of the above step (1) using a RF power with 13.56 MHz except for 
changing the film-forming conditions to those shown in column "surface protective layer" of Table 1 1 , there was formed 
40 a 0.3 ^ (3000 A) thick surface protective layer (comprising an a-C film) on the charge generation layer 305 using a RF 
power (with 13.56 MHz) of 1000 W under condition of 0.5 Torr for the inner pressure. 

(3) Surface etching treatment: 

45 For the surface protective layer 302 of the resultant light receiving member, surface etching treatment was con- 
ducted in the same manner as in Example 4 under condition of 5 A/sec. for the etching speed, where its 500 A thick 
surface side layer region was etched. By this, there was obtained an electrophotographic light receiving member. 
In this way, there were prepared a plurality of electrophotographic light receiving members. 
For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
so of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1. 
The evaluated results obtained are collectively shown in Table 14. 

Comparative Example 6 

55 

In this example, there were prepared an electrophotographic light receiving member of the constitution shown in 
FIG. 3 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 
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(1) Formation of photoconductive layer 303: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns "charge transportation layer" and "charge gener- 
ation layer" of Table 1 1, on the polished surface of the cylindrical substrate, a 15 jim charge transportation layer 306 
and a 5 jim thick charge generation layer 305 were sequentially formed. 

(2) Formation of surface protective layer 302: 

As the power source 412 of the plasma CVD apparatus shown in FIG. 4, there was used a power source capable 
of supplying a power with 500 MHz. 

In accordance with the foregoing procedures for forming a surface protective layer using the plasma CVD appara- 
tus shown in FIG. 4 and under film-forming conditions shown in column "surface protective layer" of Table 11 , a 0.3 um 
(3000 A) thick surface protective layer 302 (comprising an a-C film) was formed on the charge generation layer 305 
using a power with 500 MHz and of 1000 W under condition of 50 mTorr for the inner pressure. 

By this, there was obtained an light receiving member. 

(3) Surface etching treatment: 

For the surface protective layer 302 of the resultant light receiving member, surface etching treatment was con- 
ducted in the same manner as in Example 4 under condition of 3 A/sec. for the etching speed. By this, there was 
obtained an electrophotographic light receiving member. 

In this way, there were prepared a plurality of electrophotographic light receiving members. 

For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1 . 

The evaluated results obtained are collectively shown in Table 14. 

Comparative Example 7 

In this example, there was prepared an electrophotographic light receiving members of the constitution shown in 
FIG. 3 using the microwave plasma CVD apparatus shown in FIG. 7. 

Herein, description will be made of the microwave plasma CVD apparatus shown in FIG. 7. 

The microwave plasma CVD apparatus comprises a reaction chamber 701 (or a deposition chamber) having a 
structure capable of being vacuumed, and it is provided with an exhaust system containing an exhaust pipe 725 which 
is open into the reaction chamber 701 and which is connected through a main valve (not shown) to a vacuuming device 
comprising a diffusion pump (not shown). 

The reaction chamber 701 is hermetically provided with a microwave introduction window 704 made of a micro- 
wave transmissive material to which a waveguide 706 extending from a microwave power source (not shown) through 
a stub tuner (not shown) and an isolator (not shown) is connected. 

In the reaction chamber 701, a plurality of rotatable cylindrical substrate holders 707 (each having an electric 
heater installed therein for heating a substrate) are spacedly and concentrically arranged so as to circumscribe a dis- 
charge space 716. Each rotatable cylindrical substrate holder 707 is supported by a rotary shaft 703 connected to a 
driving mechanism including a driving motor 714. 

Reference numeral 702 indicates a cylindrical substrate positioned on each cylindrical substrate holder 707. 

Reference numeral 705 indicates a raw material gas introduction pipe proved with a plurality of gas release holes 
positioned in the discharge space 716 and which is connected through a conduit provided with a gas inflow valve 709 
to a raw material gas supply system containing gas reservoirs (not shown). 

Reference numeral 710 indicates a vacuum gage for detecting the inner pressure in the reaction chamber 701 . 

Film formation using this microwave plasma CVD apparatus may be conducted in the same manner as that in th 
case of using the plasma CVD apparatus shown in FIG. 4, except that the position for a substrate to be arranged is dif- 
ferent; as the power for the decomposition, a microwave power (with 2.45 GHz) is used; and the manner tor introducing 
the power into the reaction chamber is different. 

Now, the preparation of the electrophotographic light receiving member was conducted in the following manner. 

There were provided a plurality of cylindrical substrate 702 made of aluminum of 108 mm in outer diameter and 
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having a polished surface. 

Each cylindrical substrate 702 was positioned on one of the substrate holders 707 of the microwave plasma CVD 
apparatus shown in FIG. 7. 

Under film-forming conditions shown in Table 13. there were sequentially formed a 15 \im thick charge transporta- 
tion layer 306, a 5 jim thick charge generation layer 305 and a 0.5 urn (5000 A) thick surface protective layer 302 on 

each substrate 707. 

By this, there were obtained a plurality of light receiving members. 

The resultant light receiving members were set to the plasma CVD apparatus shown in FIG. 5, wherein for the sur- 
face protective layer 302 of each light receiving members, in accordance with the foregoing procedures for conducting 
surface etching treatment for a surface protective layer using the plasma CVD apparatus shown in FIG. 4 and under 
etching conditions shown in Table 12, surface etching treatment was conducted with a fluorine-containing plasma pro- 
duced from C2F 6 by way of plasma discharge with the application of a VHF power (with 60 MHz) of 500 W, where its 
500 A thick surface side layer region was etched at an etching speed of 4 A/sec. based on a previously established cal- 
ibration curve, wherein the substrate temperature was maintained at 200 °C as shown in Table 12. By this, there were 
obtained a plurality of electrophotographic light receiving members. 

For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
of charge retentivrty against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1. 

The evaluated results obtained are collectively shown in Table 14. 

Based on the results shown in Table 14, there are understood such facts as will be described in the following. 

By forming the surface protective layer for an electrophotographic light receiving member using a VHF power with 
a frequency in the range of 50 to 450 MHz and conducting surface etching treatment for the surface protective layer 
using a VHF power with a frequency in the range of 50 to 450 MHz, there can be effectively attained the production of 
a desirable electrophotographic light receiving member having excellent electrophotographic characteristics. 

Example 5 

In this example, there were prepared seven different electrophotographic light receiving members of the constitu- 
tion shown in FIG. 2 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

(1) Formation of photoconductive layer 203: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
4. As the power source 412. there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under fflm-forming conditions shown in columns "lower blocking layer" and "photoconductive layer" 
of Table 15, on the polished surface of the cylindrical substrate, a 2 \im thick lower blocking layer 206 and a 30 urn thick 
photoconductive layer 205 were sequentially formed. 

In this way, there were prepared seven light receiving members in process. 

(2) Formation of surface protective layer 202: 

As the power source 41 2 of the plasma CVD apparatus shown in FIG. 4, there was used a VHF power source capa- 
ble of supplying a VHF power with 50 to 450 MHz. 

On the photoconductive layer 205 of each of the resultant seven light receiving members in process, in accordance 
with the foregoing procedures for forming a surface protective layer using the plasma CVD apparatus shown in FIG. 4 
and under film-forming conditions shown in column "surface protective layer" of Table 15 and at a different inner pres- 
sure of 1 mTorr, 5 mTorr, 10 mTorr. 30 mTorr, 50 mTorr. 70 mTorr. or 100 mTorr (see, Table 17). there was formed a 0.6 
pm (6000 A) thick surface protective layer 202. By this, there were obtained seven different light receiving members. 
Then, the temperature each of these light receiving members was cooled to 30 °C. 

(3) Surface etching treatment: 

For the surface protective layer 202 of the resultant seven light receiving members, surface etching treatment was 
conducted in the following manner. 

In accordance with the foregoing procedures for conducting surface etching treatment for a surface protective layer 
using the plasma CVD apparatus shown in FIG. 4 and under etching conditions shown in Table 16, the surface protec- 
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tive layer 202 was subjected to etching treatment with a fluorine-containing plasma produced from CF 4 by way of 
plasma discharge with the application of a VHF power (with 105 MHz) of 500 W, where its 1000 A thick surface side 
layer region was etched at a etching speed of 8 A/sec. based on a previously established calibration curve. By this, 
there were obtained seven different electrophotographic light receiving members each having a different surface pro- 
tective layer. 

In this way, there were prepared a plurality of electrophotographic light receiving members in each case. 

For the resultant light receiving members, evaluation was conducted with respect to charge reterrtivity, performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1. 

The evaluated results obtained are collectively shown in Table 17. 

Based on the results shown in Table 17, there are understood such facts as will be described in the following. The 
advantages of the present invention can be attained by adopting an adequate inner pressure upon the formation of a 
surface protective layer for an electrophotographic light receiving member. And particularly, in the case of adopting an 
inner pressure of 50 mTorr or less, the advantages of the present invention are significant. 

Example 6 

In this example, there were prepared five different electrophotographic light receiving members of the constitution 
shown in FIG. 2 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

(1) Formation of photoconductive layer 203: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns "lower blocking layer" and "photoconductive layer" 
of Table 18, on the polished surface of the cylindrical substrate, a 1 ^im thick lower blocking layer 206 and a 20 thick 
photoconductive layer 205 were sequentially formed. 

In this way. there were prepared five light receiving members in process. 

(2) Formation of surface protective layer 202: 

As the power source 412 of the plasma CVD apparatus shown in FIG. 4, there was used a VHF power source capa- 
ble of supplying a VHF power with 50 to 450 MHz. 

On the photoconductive layer 205 of each of the resultant five light receiving members in process, in accordance 
with the foregoing procedures for forming a surface protective layer using the plasma CVD apparatus shown in FIG. 4 
and under film-forming conditions shown in column "surface protective layer" of Table 18, there was formed a surface 
protective layer 202 having a different thickness of 0.012 um (120 A), 0.11 urn (1100 A), 0.4 ^m (4000 A), 0.8 Mm (8000 
A), or 1 .5 um (15000 A) in each case. By this, there were obtained five different light receiving members. 

(3) Surface etching treatment: 

For the surface protective layer 202 of the resultant five light receiving members, surface etching treatment was 
conducted in the following manner. 

In accordance with the foregoing procedures for conducting surface etching treatment for a surface protective layer 
using the plasma CVD apparatus shown in FIG. 4 and under etching conditions shown in Table 19, the surface protec- 
tive layer 202 was subjected to etching treatment with a fluorine-containing plasma produced from CF 4 by way of 
plasma discharge with the application of a VHF power (with 80 MHz) of 200 W, where a surface side layer region with 
a different thickness of 20 A, 100 A, 1000 A, 3000 A, or 5000 A was etched at an etching speed of 1 A/sec. based on a 
previously established calibration curve in each case. By this, there were obtained five different electrophotographic 
light receiving members each having a surface protective layer with a different thickness of 100 A, 1 000 A, 3000 A, 5000 
A, or 10000 A (see, Table 20). 

In this way, there were prepared a plurality of electrophotographic light receiving members in each case. 

For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1 . 

The evaluated results obtained are collectively shown in Table 20. 
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Comparative Example 8 

In this example, there were prepared two different electrophotographic light receiving members of the constitution 
shown in FIG. 2 using the plasma CVD apparatus shown in FIG. 4 as will be described below. 

(1) Formation of photoconductive layer 203: 

There was provided a cylindrical substrate made of aluminum of 108 mm in outer diameter and having a polished 
surface. 

The cylindrical substrate was positioned on the substrate holder 407 of the plasma CVD apparatus shown in FIG. 
4. As the power source 412, there was used a RF power source capable of supplying a RF power with 13.56 MHz. 

In accordance with the foregoing procedures for forming a photoconductive layer using the plasma CVD apparatus 
shown in FIG. 4 and under film-forming conditions shown in columns "lower blocking layer* and "photoconductive layer" 
of Table 1 8, on the polished surface of the cylindrical substrate, a 1 jim thick lower blocking layer 206 and a 20 jim thick 
photoconductive layer 205 were sequentially formed. 

In this way, there were prepared two light receiving members in process. 

(2) Formation of surface protective layer 202: 

As the power source 412 of the plasma CVD apparatus shown in FIG. 4, there was used a VHF power source capa- 
ble of supplying a VHF power with 50 to 450 MHz. 

On the photoconductive layer 205 of each of the resultant two light receiving members in process, in accordance 
with the foregoing procedures for forming a surface protective layer using the plasma CVD apparatus shown in FIG. 4 
and under film-forming conditions shown in column "surface protective layer" of Table 18, there was formed a surface 
protective layer 202 having a different thickness of 0.01 urn (100 A), or 1 .15 jim (1 1500 A) in each case. By this, there 
were obtained two different light receiving members. 

(3) Surface etching treatment: 

For the surface protective layer 202 of the resultant two light receiving members, surface etching treatment was 
conducted in the following manner. 

In accordance with the foregoing procedures for conducting surface etching treatment for a surface protective layer 
using the plasma CVD apparatus shown in FIG. 4 and under etching conditions shown in Table 19, the surface protec- 
tive layer 202 was subjected to etching treatment with a fluorine-containing plasma produced from CF 4 by way of 
plasma discharge with the application of a VHF power (with 80 MHz) of 200 W, where a surface side layer region with 
a different thickness of 50 A, or 500 A was etched at an etching speed of 1 A/sec. based on a previously established 
calibration curve in each case. By this, there were obtained two different electrophotographic light receiving members 
each having a surface protective layer with a different thickness of 50 A, or 1 1000 A (see, Table 20). 

In this way. there were prepared a plurality of electrophotographic light receiving members in each case. 

For the resultant light receiving members, evaluation was conducted with respect to charge retentivity, performance 
of charge retentivity against temperature change, photosensitivity, residual potential, water repellency, occurrence of 
smeared image, and halftone reproduction in the same manner as in Example 1. 

The evaluated results obtained are collectively shown in Table 20. 

Based on the results shown in Table 20, there are understood such facts as will be described in the following. Any 
of the electrophotographic light receiving members obtained in Example 6 (belonging to the present invention) in which 
the surface protective layer comprises an non-single crystalline carbon material layer with a thickness of 100 to 10000 
A formed by subjecting a non-single crystalline carbon film (for example, an a-C) formed using a VHF power to surface 
etching treatment with a fluorine-containing plasma produced using a VHF power is excellent in water repellency, pre- 
vention of the occurrence of smeared image, and halftone reproduction, and is excellent, good enough or satisfactory 
in charge retentivity, photosensitivity, and residual potential. 

On the other hand, for the two electrophotographic light receiving member obtained in Comparative Example 8, one 
in which the surface protective layer (formed in the same manner as in Example 6) is 50 A in thickness is inferior to any 
of the electrophotographic light receiving members particularly in terms of the charge retentivity. And the other one in 
which the surface protective layer (formed in the same manner as in Example 6) is 1 1000 A in thickness is markedly 
inferior to any of the electrophotographic light receiving members particularly in terms of the photosensitivity. 

Separately, for each of the electrophotographic light receiving members obtained in Example 6 and Comparative 
Example 8, forced jamming test was conducted, followed by subjecting to halftone image reproduction in the same 
manner as in the case of the evaluation of the halftone reproduction described in Example 1 . 

As a result, only in the case of the electrophotographic light receiving member in which the surface protective layer 
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is 50 A ,n thickness, a certa.n defect was occurred at the outermost surface thereof in the forced jamming test and a 
halftone .mage reproduced in the halftone image reproduction was found to have a defective halftone image based on 
said defect occurred at the outermost surface of the electrophotographic light receiving member. 
The remaining electrophotographic light receiving members were free of such propblems. 



Example 9 



The Procedures of Example 1 were repeated, except that the plasma CVD of FIG. 4 apparatus used in Example 1 
was replaced by the plasma CVD apparatus shown in FIG. 5. to produce a plurality of electrophotographic light receiv- 
> ing members of the constitution shown in FIG. 2 at the same time. " « ^ c,v 

The resultant electrophotographic light receiving members were evaluated in the same manner as in Example 1 
As a result, these electrophotographic light receiving members were found to have excellent electrophotographic 
characteristics as well as in Example 1 . ^ vy^nn, 

In this respect, rt is understood that an electrophotographic light receiving member having excellent eletrophoto- 
graph.c characteristics according to the present invention can be effectively mass-produced in an quantity production 
type plasma CVD apparatus according to the present invention. 

Example 10 and Comparative Example 9 

For each of the electrophpotographic light receiving members obtained in Example 1 and Comparative Examoles 
1 to 3 examination was conducted of the fluorine atoms deposited in the outermost surface of the surface protective 
layer before and after the endurance by way of continuous copying shots by means of XPS analysis 

As a result, for the electrophotographic light receiving member obtained in Example 1 , it was found that the fluorine 
atoms contained in the outermost surface of the surface protective layer before the endurance are still remained at a 
survival rate of more than 80% in a desirable state therein even after the endurance 

, Hi?? ?! the electr °P h P° ,0 9 ra P hi c ligW receiving members obtained in Comparative Examples 1 to 3 it was 
found that the fluorine atoms contained in the outermost surface of the surface protective layer before the endurance 
are remained merely at a survival rate of less than 10% therein even after the endurance 

These facts indicate that only in the case of subjecting a non-single crystalline carbon film (such as an a-C film) 
formed using a VHF power with an oscillation frequency of 50 to 450 MHz to surface etching treatment with a fluorine- 
conta.nmg plasma produced using a VHF power with an oscillation frequency of 50 to 450 MHz, there can be attained 
an excellent electrophotographic light receiving member having an irrproved surface protective layer with an excellent 
outermost surface deposited fluorine atoms so as to cover substantially the entire of the outermost surface in a state 
hat the luor.ne atoms are hardly removed, and which exhibits a markedly improved durability when used under high 
temperature and high humidity environmental conditions. 

As apparent from the above description, according to the present invention, by forming, on a photoconductive layer 
formed on a desired substrate, a surface protective layer composed of a non-single crystalline carbon material contain- 
ing hydrogen atoms by decomposing a raw material gas comprising at least a hydrocarbon using a VHF power with an 
oscillation requency of 50 to 450 MHz, and subjecting a surface side layer region wrth a given thickness of said surface 
protective layer to etching treatment with a fluorine-containing plasma produced by way of plasma discharge with th 
application of a VHF power wrth an oscillation frequency of 50 to 450 MHz in a fluorine-containing raw material gas at 
an etching speed of 0.1 to 50 A/sec. so that the surface protective layer has a thickness of 100 to 10000 A there can 
be effectively attained an improved electrophotographic light receiving member which is free of the deposition of the 
foregoing discharge products caused upon corona discharging found in the prior art. which always reproduces a high 
quahty image wrth neither an unfocused image nor a smeared image under any environmental conditions without using 
the heatmg means for an electrophotographic light receiving member as in the prior art, which always reproduces a high 
qualrty halftone .mage wrth no density unevenness from a halftone original even after having been paused over a long 
period of t,me which is sufficient enough in charge retentability and high enough in photosensitivity, and which always 
reproduces a highly dense and clear image. 

It should be understood that the present invention is not limited to the foregoing layer constitution and the foregoing 
fabrication apparatus, and rt can be optionally modified within a range of the principle of the present invention. 
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Table 1 





- 

lower blocking layer 


SiH 4 


300sccm 


5 






SOOsccm 






NO 


8sccm 






B2Hg 


200uppm 


10 




power 


100W(1 3.56MHz) 




inner pressure 


0.4Torr 






substate temperature 


250 °C 






layer thickness 


1 ^im 


ID 


photoconductive layer 


SiH 4 


SOOsccm 






H 2 


SOOsccm 






power 


400W(1 3.56MHz) 


20 




inner pressure 


O.STorr 






substate temperature 


250 °C 






layer thickness 


c\j u.m 




surface protective layer 


CH 4 


SOOsccm 


25 




power 


800W(105MHz) 






inner pressure 


20mTorr 






substate temperature 


250 °C 


30 




layer thickness 


0.3 jim(3000 A) 



Table 2 





CF 4 


SOOsccm 




substrate temperature 


250 °C 


40 


inner pressure 


20mTorr 




power 


500W(1 05MHz) 



so 



55 
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Table 3 



lower blocking layer 


SiH 4 


300sccm 




H 2 


SOOsccm 




NO 


8sccm 






2000ppm 




power 


100W(13.56MHz) 




inner pressure 


0.4Torr 




substrate temperature 


250 °C 




layer thickness 


1 jim 


photoconductive layer 


SiH 4 


SOOsccm 




H 2 


SOOsccm 




power 


400W(13.56MHz) 




inner pressure 


O.STorr 




substrate temperature 


250 °C 




layer thickness 


20 urn 


surface protective layer 


CH 4 


SOOsccm 




power 


800 W( 13.56MHz) 




inner pressure 


O.STorr 




substrate temperature 


250 °C 




layer thickness 


0.3 jim(3000 A) 



Table 4 



CF 4 


SOOsccm 


substrate temperature 


250 °C 


inner pressure 


O.STorr 


power 


500W(1 3.56MHz) 
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Tables 





lower blocking layer 


SiH 4 


300sccm 


5 




H 2 


SOOsccm 






NO 


8sccm 






B2H6 


2000ppm 


10 




power 


100W(1 3.56MHz) 






inner pressure 


0.4Torr 






substrate temperature 


250 °C 


15 




layer thickness 


1 |im 


photoconductive layer 


SiH 4 


500sccm 






H 2 


SOOsccm 






power 


400W(1 3.56MHz) 


20 




inner pressure 


O.STorr 






substrate temperature 


250 °C 






layer thickness 


20 Jim 


25 


surface protective layer 


S1H4 


SOsccm 




CH 4 


SOOsccm 






power 


200 W( 105MHz) 






inner pressure 


20mTorr 


30 




substrate temperature 


250 °C 






layer thickness 


0.3 *im(3000 A) 



35 



40 



45 



SO 



55 



30 
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Table 6 





Example 1 

* 


Comparative Exam- 
ple 1 


2 


ouii ipaiciiivc example 
3 


surface protective 
layer 


a-C film formed with 
VHF 


a-C film formed with 
RF 


a-C film formed with 
RF 


a-C film formed with 
VHF 


etching 


VHF 


none 


RF 


none 


charge retentrvity 


@ 


A 


A 


A 


performance of 
charge retentivity 
against temperature 
change 


® 


A 


A 


A 


photosensitivity 


O 


A 


A 


A 


residual potential 


O 


o 


o 


o 


water repellency 
(before durability 
test) 


® 




® 


A 


water repellency 
(after durability test) 


® 


X 


X 


X 


occurrence of 
smeared image 


® 


X 


X 


X 


halftone reproduction 


® 


® 


® 


© 



Table 7 



CF 4 


800sccm 


substrate temperature 


200 °C 


inner pressure 


20mTorr 


power (wattage) 


changed in each case for the VHF power with 50MHz 



31 



EP 0 785 475 A2 



Table 8 





Example 2 


Comparative Example 4 


etching speed (A/sec) 


0.1 


1 


10 


30 


50 


0.05 


70 


charge retentivity 


O 


® 


® 


® 


O 


A 


X 


performance of charge retentivity 
against temperature change 


O 


® 


® 


® 


o 


A 


A 


photosensitivity 


O 


o 


O 


o 


O 


o 


o 


residual potential 


O 


o 


O 


O 


O 


o 


o 


water repellency (before durability test) 


O 


© 


® 


® 


O 


A 


A 


water repellency (after durability test) 


O 


© 


® 


® 


o 


X 


X 


occurrence of smeared image 




© 


® 


© 


o 


X 


X 


halftone reproduction 


® 


© 


® 


© 


® 


® 


X 



Table 9 



gases used 


SOOsccm 


substrate temperature 


200 °C 


inner pressure 


1 0mTorr 


power 


500W(1 05MHz) 



Table 10 





Example 3 


etching gas used 


CF 4 


CHF 3 


C 2 F 6 


CHCIF 2 


C3F8 




charge retentivity 


® 


® 


® 


O 


® 


© 


performance of charge retentivity 
against temperature change 


® 


® 


® 


O 


® 


© 


photosensitivity 


O 


O 


O 


o 


0 


0 


residual potential 


O 


O 


O 


o 


0 


0 


water repellency (before durability test) 


® 


© 


® 


© 


® 


® 


water repellency (after durability test) 


® 


© 


® 


© 


® 


® 


occurrence of smeared image 


® 


® 


® 


© 


© 


® 


halftone reproduction 


® 


® 


® 


© 


® 


® 
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Table 1 1 



charge transportation layer 



charge generation layer 



surface protective layer 



SiH 4 
H 2 
CH 4 
power 

inner pressure 
substrate temperature 
layer thickness 



SiH 4 
H 2 

power 

inner pressure 
substrate temperature 
layer thickness 



CH 4 
power 

inner pressure 
inner pressure 
substrate temperature 
layer thickness 



SOOsccm 
SOOsccm 
SOsccm 

300W (13.56MHz) 
20mTorr 
200 °C 
15 \xm 



SOOsccm 

SOOsccm 

300W(1 3.56MHz) 

20mTorr 

200 °C 

5 fim 



1 0Osccm 

1000W(1 3.56MHz, 50~450MHz, 500MHz) 
50mTorr(50~450MHz, 500MHz) 
0.5Torr(1 3.56MHz) 
200 °C 

0.3 ^m(3000A) 



Table 12 



C 2 F 6 


300sccm 


substrate temperature 


200 °C 


inner pressure 


SmTorr 


power 


500W(60MHz) 
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Table 13 





charge transportation layer 


SiH 4 


SOOsccm 


5 




H 2 


ouusccm 






CH 4 


SOsccm 






power 


300W(2.45GHz) 


10 




inner pressure 


15mTorr 






substrate temperature 


200 °C 






layer thickness 


15 um 




charge generation layer 


S1H4 


SOOsccm 


15 




H 2 


SOOsccm 






power 


300W{2.45GHz) 






inner pressure 


15mTorr 


20 




substrate temperature 


200 °C 






layer thickness 


0 fim 




surface protective layer 


CH 4 


lOOsccm 


25 




power 


1000W(2.45GHz) 




inner pressure 


10mTorr 






substrate temperature 


200 °C 






layer thickness 


0.5 um(5000A) 



30 



* 

35 



40 



45 



SO 



55 
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Table 15 



lower blocking layer 



SiH 4 


100sccm 


Ha 


SOOsccm 


NO 


5sccm 




1500ppm 


oower 


200W(1 3.56MHz) 


inner pressure 


O.STorr 


substrate temperatire 


250 °C 


laver thickness 


2 |im 


OII14 


400sccm 


"2 


SOOsccm 




800W(1 3.56MHz) 


inner preoouie 


0 STon" 


substrate temperaiure 




layer thickness 


30 jim 


CH 4 


500sccm 


power 


1500W(1 05MHz) 


inner pressure 


(changed) 


substrate temperature 


250 °C 


layer thickness 


0.6 nm(6000A) 



photoconductive layer 



surface protective layer 



Table 16 



CF 4 


200 seem 


substrate temperature 


30°C 


inner pressure 


45mTorr 


power 


500W(1 05MHz) 
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Example 5 


inner pressure (mTorr) 
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photosensitivity 
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A 


residual potential 
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water repellency (before durability test) 
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water repellency (after durability test) 
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o 


occurrence of smeared image 
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halftone reproduction 
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® 


® 



Table 18 



lower blocking layer 


SiH 4 


300sccm 




H 2 


SOOsccm 




NO 


8sccm 




B2H6 


2000ppm 




power 


100W(1 3.56MHz) 




inner pressure 


0.4Tonr 




substrate temperature 


200 °C 




layer thickness 


1 um 


photoconductive layer 


SiH 4 


SOOsccm 




H 2 


SOOsccm 




power 


400W(1 3.56MHz) 




inner pressure 


O.STorr 




substrate temperature 


200 °C 




layer thickness 


20 [im 


surface protective layer 


CH 4 


SOOsccm 




power 


800W(80MHz) 




inner pressure 


20mTorr 




substrate temperature 


200 °C 




layer thickness 


0.01~1.5*im (100A-15000A) 
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Table 19 



CF 4 


400sccm 


substrate temperature 


200 °C 


inner pressure 


lOOmTorr 


power 


200W(80MHz) 



Table 20 





Example 6 


Comparative Example 8 
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water repellency (before durability 
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35 A light receiving member comprising a electrically conductive substrate, a photoconductive layer composed of a 
non-single crystalline material containing at least silicon atoms as a matrix formed on said substrate by decomposing 
a silicon-containing raw material gas, and a surface protective layer composed of a non-singfe crystalline carbon mate- 
rial containing hydrogen formed on said photoconductive layer by decomposing a raw material gas comprising at least 
a hydrocarbon using a high frequency power with an oscillation frequency of 50 MHz to 450 MHz, wherein a 20 A or 

40 more thick surface side layer region of said surface protective layer composed of said non-single crystalline carbon 
material is etched at an etching speed of 0.1 to 50 A/sec. by means of a fluorine-containing plasma produced by decom- 
posing a fluorine-containing gas using a high frequency power with an oscillation frequency of 50 MHz to 450 MHz such 
that said surface protective layer has a thickness of 100 to 10000 A and has an etched surface deposited with fluorine 
atoms so as to cover said etched surface. And a process for producing said light receiving member. 

45 

Claims 

1. A light receiving member comprising a electrically conductive substrate, a photoconductive layer composed of a 
non-single crystalline material containing at least silicon atoms as a matrix formed on said substrate by decompos- 

so ing a silicon-containing raw material gas, and a surface protective layer composed of a non-single crystalline car- 
bon material containing hydrogen formed on said photoconductive layer by decomposing a raw material gas 
comprising at least a hydrocarbon using a high frequency power with an oscillation frequency of 50 MHz to 450 
MHz, wherein a 20 A or more thick surface side layer region of said surface protective layer composed of said non- 
single crystalline carbon material is etched at an etching speed of 0.1 to 50 A/sec. by means of a fluorine-contain- 

55 ing plasma produced by decomposing a fluorine-containing gas using a high frequency power with an oscillation 
frequency of 50 MHz to 450 MHz such that said surface protective layer has a thickness of 100 to 10000 A and has 
an etched surface deposited with fluorine atoms so as to cover said etched surface. 

2. A light receiving member according to claim 1 , wherein the non-single crystalline carbon material is formed at an 
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inner pressure of 1 00 mTorr or less. 

3. A light receiving member according to claim 1 , wherein the high frequency power upon forming the non-single crys- 
talline carbon material has a wattage of 1 W/cc or more for the raw material gas. 

4. A light receiving member according to claim 1, wherein the thickness of the surface side layer region to be etched 
is more than 1 00 A. 

5. A light receiving member according to claim 1 , wherein the photoconductive layer has a thickness of 1 ^m to 50 juti. 

6. A light receiving member according to claim 1, wherein the fluorine-containing gas contains a compound selected 
from CF 4 , CHF 3 , C 2 F 6 , CIF 3 , CHCIF 2 , F 2 , C 3 F 8 , and C 4 F 10 . 

7. A light receiving member according to claim 1 , wherein the hydrocarbon includes CH 4 . 

8. A light receiving member according to claim 1, wherein the non-single crystalline carbon material contains an 
amorphous material. 

9. A light receiving member according to claim 1, wherein the photoconductive layer comprises a charge generation 
layer and a charge transportation layer. 

10. A light receiving member according to claim 1 , wherein the photoconductive layer includes a blocking layer. 

11. A light receiving member according to claim 10, wherein the blocking layer is positioned on the substrate side. 

12. A light receiving member according to claim 1 which is used in electrophotography. 

1 3. A process for producing a light receiving member, comprising the steps of: 

(a) placing an electrically conductive substrate in a deposition chamber capable of being vacuumed and which 
is provided with an exhaust means and a means for introducing a raw material gas thereinto, 

(b) forming a photoconductive layer composed of a non-single crystalline material containing at least silicon 
atoms as a matrix on said substrate by decomposing a silicon-containing raw material gas, 

(c) forming a surface protective layer composed of a non-single crystalline carbon material containing hydro- 
gen atoms on said photoconductive layer by decomposing a raw material gas comprising at least a hydrocar- 
bon using a high frequency power with an oscillation frequency of 50 MHz to 450 MHz, and 

(d) etching a 20 A or more thick surface side layer region of said surface protective layer at an etching speed 
of 0.1 to 50 A/sec. by means of a fluorine-containing plasma produced by decomposing a fluorine-containing 
gas using a high frequency power with an oscillation frequency of 50 MHz to 450 MHz such that said surface 
protective layer has a thickness of 100 to 10000 A and has an etched surface deposited with fluorine atoms so 
as to cover said etched surface, to thereby produce a light receiving member. 

14. The process according to claim 13, wherein the formation of the surface protective layer in the step (c) is conducted 
at an inner pressure of 100 mTorr or less. 

15. The process according to claim 13, wherein the high frequency power used in the formation of the surface protec- 
tive layer in the the step (c) has a wattage of 1 W/cc or more for the raw material gas. 

16. The process according to claim 13, wherein the thickness of the surface side layer region to be etched in the step 
(d) is more than 1 00 A. 

17. The process according to claim 13, wherein the photoconductive layer has a thickness of 1 to 50 urn. 

18. The process according to claim 13, wherein the fluorine-containing gas used in the step (d) contains a compound 
selected from CF 4 , CHF 3 , C 2 F 6 , CIF 3 , CHCIF 2 , F 2 , C 3 F 8 , and C 4 F 10 . 

19. The process according to claim 13, wherein the hydrocarbon in the step (c) includes CH 4 . 

20. A light receiving member having a surface protective layer constituted by a non-single crystalline carbon material 
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and which has a surface etched in a fluorine-containing gaseous atmosphere by applying a high frequency power 
with an oscillation frequency of 50 MHz to 450 MHz. 

21 . A light receiving member according to claim 20 which is used in electrophotography. 

5 

22. A process for producing a light receiving member, including a step of etching a non-single crystalline carbon mate- 
rial surface in a fluorine-containing gaseous atmosphere by applying a high frequency power with an osciHation fre- 
quency of 50 MHz to 450 MHz. 
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